Journal of 


CHRONIC |. ee 
DISEASES FEBRUARY, 1961 


Special Report 


FIRST INTERNATIONAL CONFERENCE ON 
CONGENITAL MALFORMATIONS 


Summary and Evaluation 


From the Department of Embryology, Carnegie Institution of 


James D. EBERT ge 
Washington 


BaLtimorE, Mb. (Received for publication Nov. 4, 1960) 


‘TF I have seen further it is by standing on the shoulders of giants.’’ These 

words written by Isaac Newton to Robert Hooke nearly three hundred years 
ago serve as a text for the First International Conference on Congenital Mal- 
formations held at Church House, London, July 18 to 22, 1960. Each new attack 
on the age-old problems of mankind is mounted from a base established by earlier 
generations. The resurging field of congenital malformations, sparked—and in 
large measure, now to be sustained——-by the National Foundation, sponsor of the 
Conference, provides no exception to the rule, for this subject, too, has had its 
share of giants. Franklin P. Mall, George L. Streeter, and Charles R. Stockard 
are only a few names drawn from the deeply moving address presented at the 
opening ceremonies by George W. Corner. This address will stand, not merely 
as a theme address, setting the stage for the Conference, but as a veritable 
scientific charter, a plan of attack for a new generation of students of congenital 
malformations. He said, in part: ‘““The campaign must begin with the study of 
developmental biology, for we have hardly begun to understand the forces and 
reactions that drive and guide the development of a fertilized ovum into a human 
infant. Embryology of the classical morphological type, experimental embryology, 
cytology, histochemistry, all have their contribution to make. The genes, and 
the whole sequence of events by which they determine the infinite detail of bodily 
structure, await new discoveries. There are countless unsolved questions in the 
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physiology of reproduction, touching on the maternal environment of the embryo 
and its control by hormones and other chemical agents of the body. The chemistry 
of respiration and nutrition must be called upon to explain the marvelous homeo- 
static balances through which, after all, the child generally enters the world 
sound and healthy. Microbiology must detect for us all the various pathogenic 
organisms which invade and damage the fetus im utero; clinical medicine and 
obstetrics must teach us what illnesses of the mother may affect her offspring in 
the susceptible earliest days of development.”’ 

From Dr. Corner’s panoramic account we obtained a sweeping view of the 
advances in understanding since the publication of Mall’s great monograph, 
The Origin of Human Monsters, over fifty years ago. What are these advances? 
What have we accomplished toward fulfilling the charter set forth above? Little, 
we may say, in view of the enormity of the problem, but at least enough to permit 
us to ask meaningful questions. In the following pages some of these questions 


are enumerated. 


THE FREQUENCY OF CONGENITAL MALFORMATIONS 

“We are called together from many lands,’’ Corner began, ‘‘to discuss a 
problem of grave human concern and high scientific importance.’’ The gravity 
and importance of the problem were underscored by the conclusion stated by 
Lamy and Frézal that the incidence of major malformations visible at birth and 
recognizable by anatomic examination of stillborn infants, or infants who die 
during the neonatal period, is in excess of 1 per cent and probably close to 1.5 
per cent. The total percentage of major malformations for all infants born 
after the twenty-eighth week of pregnancy and with an observation period of one 
year after birth would seem to be about 4 to 5 per cent. Lamy and Frézal cited 
figures presented by Neel (3.12 per cent based on examination of 16,144 infants 
9 months old) and McIntosh and associates (7.5 per cent). Neel’s figure, Lamy 
and Frézal believe, may be too low, excluding those infants who die before the 
ninth month, and those of McIntosh too high, including minor anomalies. Taking 
into account those malformations that do not become manifest until childhood, 
adolescence, or even adulthood, and the even more questionable group of ‘‘em- 
bryonic’? malformations, Lamy and Frézal believe the over-all incidence of 
major malformations to be greater than 5 per cent. What is the meaning of this 
figure? What is its reliability? As Professor L. S. Penrose remarked, the first 
overwhelming effect of these data is to shatter rudely the complacent idea that 
man is a nearly perfect animal species. The large proportion of cases of gross 
morphologic anomalies, almost incompatible with life, is particularly disturbing. 

Incidence figures do show large differences from population to population; 
moreover, the spectrum of specific conditions shows great variations. The course 
from the primary cause of a malformation to the observed defect frequently is 
not predictable. As Erhardt wrote, the same “inciting event’? may produce 
several different defects, and similar defects may result from dissimilar agents or 
‘insult’? may die and be aberted, vet 


events. Some embryos exposed to a given 
others may go to term and survive despite a gross malformation. Erhardt stressed 
also the cogent observation of Stevenson, Worcester, and Rice that acquired 
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defects may simulate inherited defects; they may, in fact, be repeated in members 
of the same family because the same environment is at work, leading to the er- 
roneous conclusion that they are heritable. Contrariwise, some inherited defects 
may not always be repeated in the members of a family under study. The time 
course of teratogenesis also may be deceptive: it is difficult to determine the stage 
of development at which an insult has occurred if the defect involves the de- 
generation of normally formed organs. Obviously, the complexity of the problem 
is such that the data now available from etiological research may be incorrect. 
Two conclusions are inescapable: first, we are dealing with a problem of great 
magnitude; and second, although the fragmentary and often conflicting data 
suffice to indicate the scope of the problem in 1960, neither these data nor ad- 
ditional inexact data will suffice for 1965 if we expect epidemiologic and stati- 
stical research to contribute to our knowledge of congenital malformations. 

Before considering further the place of congenital malformations in perinatal 
and infantile mortality, the incidence of specific anomalies, and the sources of 
variation in their incidence, we should attempt first to evaluate the contributions 
of epidemiology and statistics to the field and, second, to indicate the merits and 
disadvantages of the several possible approaches, drawing largely on Erhardt’s 
penetrating analysis. 

Descriptive Studies~—In a descriptive study, as defined by Erhardt, an 
attempt is made to determine, for as many variables as possible, whether a group 
in the study population exhibiting a specific defect differs from the remainder with 
respect to these variables, the objective being to identify the variables associated 
with the defect, permitting insight into the etiology of the condition. Not only 
Erhardt, but several discussants, notably G. Mellin and Edith Potter, stressed 
the pitfalls involved in definition and diagnosis. Erhardt, in fact, pointed up the 
difficulties by quoting Ingalls’ well-known remark: “If there is one broad principle 
which emerges clearly from experimental teratology, it is that all anomalies 
can no more be treated as a single universe than can all rashes or all tumors.” 
Most gross structural abnormalities can be defined; in theory at least, there 
should be no excuse for mistakes in classification. However, speaking practically, 
several difficulties emerge, as illustrated by the following arguments: (1) How 
does one decide how to classify, hence investigate, defects which present a mosaic 
of abnormalities? As one ‘‘complex,”’ or as several individual anomalies, each to 
be pursued separately? Obviously to the epidemiologist and statistician the 
question is critical, for on the decision hinges the choice of statistical approach 
and the numbers of specimens required for a meaningful evaluation. The recogni- 
tion of a ‘“‘complex,’’ however, is itself fraught with difficulty. One hardly needs 
to document this statement, other than to reiterate, as did both Erhardt and 
Mellin, the statement by B6ék: ‘‘not even patent ductus arteriosus should be 
considered an entity of single etiology.”’ (2) What sources of data are sufficiently 
unbiased to warrant their use? How may we ensure more reliable data? Embryonal 
pathology requires able, well-trained investigators; Erhardt believes, however, 
that direct observation,of each specimen by an investigator is not demanded, 
it being sufficient that he assure himself that the data being utilized were gathered 
consistently in a fashion acceptable to him. He argues further (with the support 
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of L. Hellman) that data derived from a population in a single hospital are subject 
to larger errors than data obtained by aggregating the experiences of a number of 
hospitals; both Erhardt and Hellman cite as an example the study now in progress 
under the direction of Kohl at the Downstate Medical College of the Uni- 
versity of the State of New York. Perhaps equally sound are approaches using 
vital records, provided that the registration system is well developed. Here, 
however, records are meaningless if the definition of a given defect is unclear. 
As McIntosh has said, every serious investigative effort to assess the frequency of 
congenital malformations in a representative population has come up against the 
same formidable barrier, the fuzzy nature of the boundary lines of the items to 
be scored. 

Analytic Studies.—Analytic studies are designed to test hypotheses by 
comparing the experiences of a test group with those of a control group. The 
retrospective method begins with an observed defect and, by inquiry from the 
mother and perhaps from more reliable medical records, seeks to ascertain the 
relation of the defect to an event during gestation. If such an event is found to 
happen more often in pregnancies giving rise to defects than in pregnancies giving 
rise to normal young, then the event is suspected to be teratogenic. Like numerous 
others before them, both Erhardt and D. Klein were quick to point out the 
limitations of the retrospective approach; nevertheless they were inclined to re- 
gard it as a useful approach in the hands of knowledgeable investigators who 
appreciate its limitations. Thus despite the dangers inherent in confusing cause 
with coincidence and in ‘“‘maternal memory bias,” to use Fraser’s terminology, 


this method did permit the discovery of the teratogenic action of rubella. Similarly, 
Erhardt emphasizes, the relatively prompt indictment of excess oxygen as a 
cause of retrolental fibroplasia represents what can be done by means of retro- 


spective epidemiology. 

The prospective method removes maternal memory bias by starting with 
mothers early in pregnancy, thus obtaining the desired information before the 
state of their children is known. It can lead to more reliable data on the incidence 
of a given defect relative to its antecedent causes; unfortunately large numbers 
of cases are required if the expected incidence is low. Fraser has estimated, for 
example, that about 100,000 pregnancies would have to be studied to obtain 
100 cases of cleft lip, unless the sample was biased at the outset by basing it on 
some criterion such as the occurrence of a previously afflicted child from the 
same mother. Moreover, the success of such a study, it would appear, might hinge 
on the investigator’s ability to ask the key questions at the outset of the study. 
We may confidently expect more prospective studies as increasing numbers of 
well-qualified investigators enter the field and as the necessary large scale financial 
support becomes available. Such prospective studies do not insure success—at 
this time no teratogens have been identified by the method—but such studies 
must be intensified and coordinated before a meaningful assessment can be made. 
With these limitations in mind, let us examine next the mortality due to con- 
genital malformations. 

Mortality Due to Congenital Malformations—The inadequacy of population 
statistics based on the kinds of records now available is brought home to us when 
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we consider the discussion by Lamy and Frézal of neonatal and infant mortality 
attributed to congenital malformations. The variation from country to country 
is so great that major generalizations are unwarranted. Certain patterns appear 
to be emerging with sufficient consistency, however, to permit us to consider them 
as targets for closer scrutiny. In countries where mortality due to infection 
and states of deficiency has declined most, mortality due to congenital malforma- 
tions represents between 15 and 20 per cent of infant mortality as a whole. Using 
these countries as a base line, it does not appear that the incidence of congenital 
malformations has decreased in the past ten years. 

According to Lamy and Frézal most of the deaths from malformations occur 
by the end of the first year of life; they estimate that about one-third of all deaths 
are in the neonatal period, almost one-half during the first month, and 80 per 
cent by the end of the first year. During that year the principal malformations 
to which infant mortality may be attributed are those of (1) the circulatory 
system, (2) the central nervous system, (3) the digestive tract, and (4) the uro- 
genital tract. Not infrequently are malformations of the central nervous system 
ranked first. In view of the fragmentary evidence available, however, it seems 
unwise to belabor the question whether circulatory or nervous lesions are of 
greater magnitude, or to debate whether the lower frequency of neonatal and 
infant deaths due to nervous anomalies is a reflection only of the inability of the 
fetus to survive the latter defects; e.g., according to McIntosh the percentage of 
malformations of the central nervous system is higher than that of cardiac mal- 
formations in stillborn infants. 

Even more difficult to assess are apparent differences according to sex: 
anomalies of the circulatory system and digestive and urogenital tracts are, it 
is said, always more frequent in males, whereas spina bifida and meningocele 
are more common in females. 

Incidence of Specific Malformations.—One of the most striking conclusions 
of the Conference, stated most explicitly by Neel, but implied by Erhardt, and 
Lamy and Frézal, among others, was that the total impact of congenital mal- 
formations in several populations—Caucasian, Negro, and Oriental— is essentially 
the same regardless of differences in diet and disease experience. However, when 
the occurrence of specific defects is analyzed, we find differences not only between 
the several large populations, but also between groups within a given racial 
mass. Because of differences in diagnosis and recording throughout the world, 
just how significant these differences will prove to be is problematic, but one 
cannot help but agree with Neel who wrote, ‘‘Under these circumstances, it is 
difficult to avoid the concept that some regulatory system is at work which holds 
the impact of congenital defect at a certain level in all populations, although, 
as regards specific defects, each population is subject to internal adjustments.” 

Such comparisons can be made most effectively when the defect is one that 
can be diagnosed readily—one that is evident at birth and of which the incidence 
is high. Several comparisons were made in the course of the Conference; to 
summarize each of them would be difficult, and not necessarily rewarding. Instead 
I have elected to consider only one example, anencephaly, the frequency of which 
varies with both geographical location and race. In statistics compiled by L. S. 


. J. Chronic Dis. 
96 EBERT february, 1961 


Penrose, the incidence of anencephaly is higher among Caucasians than among 
Negroes. Lamy and Frézal also quote Searle’s finding of important differences 
among the various population groups living in Singapore, the highest rate being 
recorded among the Sikhs, the lowest (zero), in a group of Chinese. Even more 
challenging is the decreasing gradient of frequency from northern Ireland and 
Scotland to southern England and thence to continental Europe. During the 
Conference, J. Walker and E. Potter pointed out the difference in frequency of 
anencephaly in Dundee, Scotland, and Chicago, Illinois. The importance of 
anencephaly makes reference to Walker’s detailed and thoughtful treatment of 
anencephaly in Dundee mandatory. “In the city of Dundee,’’ Walker began, 
“in the years 1950 to 1959 inclusive, there were (in Dundee domiciled women) 
111 pregnancies which ended with anencephalic infants. In one twin pregnancy 
both babies were anencephalic stillbirths. During this period the total registered 
(corrected) births was 33,596. The incidence is therefore 3.3 per 1,000 total births.” 
To put the figures another way, over the same period 12.7 per cent of the still- 
births were attributed to anencephaly; in 1959 alone the figure was 16 per cent. 
By contrast, Potter referred to her own studies in Chicago where, over a period of 
some twenty years, only 58 anencephalic infants have been described. 

To what extent do complexes—or multiple major defects— also reflect 
population patterns? As we have stated, single defects like anencephaly, harelip 
(significantly more common among Japanese than in most Caucasian populations 
studied to date), or polydactyly (higher in Negroes than in Caucasians), do show 
population differences. We know also that positive correlations exist between 
several major defects, for example, anencephaly, spina bifida, and meningocele. 
There are, however, marked variations in their relative frequency among several 
populations, spina bifida, for example, being fairly common in several Caucasian 
populations but far less so in Japan. Neel recorded also that in Japan defects 
of the central nervous system are more often associated with gastroschisis (om- 
phalocele). Neel concluded that the individual defective child reflects in an 
exaggerated form certain population characteristics, a fact which has profound 
implications from the etiological standpoint. 

Sources of Variation in the Incidence of Malformations.—Both Fraser and 
Neel made clear their belief that when congenital defects are viewed as a whole, 
the mechanisms of simple, fully penetrant dominant or recessive inheritance can 
be implicated in the etiology of only a minority of defects; Neel put the figure 
at about 20 per cent, including such well-known examples as achondroplasia and 
congenital ichthyosis. Neel argued also (on the basis of admittedly fragmentary 
evidence) that chromosomal aberrations may be found to account for another 
10 per cent. Finally, with Fraser, he believes that a minority of defects have a 
‘“‘major’’ environmental cause, e.g., viruses, setting the figure at 10 per cent. 
“By this reckoning,’’ wrote Neel, ‘‘at least 60 per cent of congenital defects remain 
to be accounted for.’’ We must agree with Fraser that most malformations 
probably result from interactions between genetic ‘predispositions’? and subtle 
factors in the intrauerine environment. The subtlety of these factors makes of 


paramount importance consideration of the sources of variation in the incidence 
of malformations. Let us consider some of the sources of variation, taking up 
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first what is considered to be the most reliable correlation, that of parental age 
and frequency of defects. 

There is a clear tendency toward an increase in the frequency of congenital 
malformations with advancing maternal age, an increase particularly striking 
in mothers over the age of 40. The most striking example, Mongolian idiocy, 
was demonstrated convincingly by Penrose some twenty-five years ago. Variation 
with maternal age may depend on physiologic changes in the aging mother, 
acting, as Penrose argues, either directly on the embryo or indirectly, through 
the production of mutations. Fraser has concluded that correlations with paternal 
age suggest that some portion of the defects concerned result from mutations 
arising through copying errors in the duplication, citing the evidence for achondro- 
plasia and acrocephalosyndactyly. Among other defects believed by McKeown 
to be related to maternal age are hydrocephalus, congenital dislocation of the hip, 
pyloric stenosis, and harelip. For none of these correlations, however, is the 
evidence compelling. 

Basing his thoughts on data gathered in Japan, as well as on the existing 
information on Caucasian populations, Neel argued: ‘‘With only a few possible 
exceptions, each of the congenital defects adequately studied to date is associated 
with a significantly increased recurrence risk for subsequent children within 
the sibship in which it is found.”’ He went further, in fact, stating that the re- 
currence risk appears to be predominantly type specific, there being not a general 
but only a specific predisposition to all types of defects. In contrast, McKeown 
concluded, on the basis of studies of incidence of malformations in Birmingham, 
England, that for at least seven malformations, including anencephaly, spina 
bifida, and pyloric stenosis, the highest incidence is associated with primogeniture, 
the incidence decreasing regularly with increasing birth rank. Although McKeown 
was not inclined to consider other possible interpretations of the data (which 
themselves were not challenged), it appears that in at least this one instance the 
retrospective, statistical approach is clearly unsatisfactory, for there is no way 
of ascertaining the answer to the pertinent, in fact, critical question of the effect 
of a malformed first-born on the willingness of parents to have subsequent child- 
ren. In view of this possible bias, correlations with parity, as distinct from increas- 
ing parental age, are difficult to say the least. It must be said, also, that for one 
of the defects stated by McKeown to have the highest incidence associated 
with primogeniture—anencephaly-—Walker presented data for Dundee decidedly 
to the contrary, i.e., a tendency to greater incidence in grand multigravidae. 

Similar conflicts exist when one considers seasonal variations. McKeown 
suggested ‘‘[whereas] until recently results of attempts to relate the incidence of 
malformations to the season of their birth or conception were largely negative— 
there are now three conditions whose occurrence has been shown to be related to 
season . . . anencephalus, congenital dislocation of the hip, and patent ductus 
arteriosus.’’ For anencephalus, for example, he cited data for Birmingham, the 
incidence being about 50 per cent higher in children born in the winter (October 
through March) than in the summer, and mentioned similar findings for Scotland. 
Yet Walker’s well-documented evidence for Dundee shows that although that 
conclusion held for one five year period, 1950 through 1954, it was exactly 
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reversed for the following five year span. Record and Edwards noted that in 
Birmingham children with congenital dislocation of the hip are twice as likely 
to be born in winter as in summer; they suggested tentatively that differences in 
clothing habits would account for the variation, 1.e., differences in weight or 
tightness of clothing in which the infant is dressed shortly after birth. The 
first and simplest test of this hypothesis would be to determine whether a similar 
seasonal difference occurs in warm climates. 

Of all the indices of variation, perhaps the most difficult to understand is that 
of ‘‘social circumstance.’’ McKeown pointed to the data, derived from several 
sources, which indicate that in Scotland stillborn anencephalic infants are nearly 
four times as common in families of unskilled workers as in the families of pro- 
fessional classes. No similar association was observed in Birmingham. No specific 
factor has been implicated, and it may be said that at the moment we have no 
clues as to which direction to look, in view of the lack of evidence that malnutri- 
tion is teratogenic and the failure, apart from rubella, to associate malformation 
with epidemics. There is some question, in fact, whether the evidence is sufficiently 
meaningful to warrant serious attempts at an explanation. 

It will be apparent to the reader, even from this résumé, that the proper 
study of congenital malformations from a broad epidemiologic point of view 
barely has begun. At least three cardinal requirements must be met, and soon, 
if our rate of progress is to be stepped up. First, we must admit to the category 
of congenital malformations biochemical and submicroscopic lesions, and include 
such defects in all serious attacks on the problem. It is my firm conviction— 
stronger now than before the Conference—that restricting our definition to gross 
structural abnormalities present at birth will act as a brake to progress; several 
reasons might be advanced for this statement, but I shall mention only two. 
(1) A broader definition is essential if the field is to attract and hold serious 
investigators in fields of developmental biology and genetics, for in these areas 
biochemistry and fine structure research are integral parts of the subject. (2) 
The problem of definition and diagnosis might well be lessened if biochemical 
parameters are to be associated with structural anomalies. There have been 
far too few serious efforts to investigate the metabolic patterns of defective 
children. 

Second, a body of arbiters should be brought together to establish, as 
McIntosh put it, a set of ground rules, of definitions of congenital malformations. 
The writer has been agreeably surprised by the success of even informal, unofficial 
groups who have made recommendations in other fields, e.g., cytology, im- 
munology, and melanogenesis, resulting in a perceptible improvement in agree- 
ment and consistency of definitions. I am less hopeful, at this stage, that sub- 
stantial improvements can be made in systems of birth registration and vital 
statistics. It would appear more profitable to center attention first on attaining 
some greater measure of accuracy and consistency among investigators. 

Third, training programs in human embryology and fetal pathology must 
be implemented rapidly, on a large scale. Each of the approaches described in 
the foregoing pages will require increasing numbers of trained observers. At 
the present time, we are confronted with the simple fact that there are insufficient 
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able men and women to develop the kinds of programs envisioned at the Con- 
ference. 


THE INTERPLAY OF INTRINSIC AND EXTRINSIC FACTORS IN THE ORIGIN OF CONGENITAL 
MALFORMATIONS 


At the time Franklin P. Mall was collecting and describing the abnormal 
embryos on which his monograph, The Origin of Human Monsters, and subsequent 
writings were based, the new science of experimental embryology, stemming 
from the discoveries of Wilhelm Roux and Hans Driesch, was developing, almost 
explosively. Among the several exciting pathways being explored for the first 
time was experimental teratogenesis, exemplified by the studies of Charles R. 
Stockard, among others, on the effects of numerous agents on development. 
Influenced by this approach, Mall searched for, and believed he had found, 
an “agent’”’ of teratogenesis in the human embryo. He concluded that the cause 
of congenital defects is impaired nutrition caused by faulty implantation resulting 
from inflammatory disease of the endometrium. As Corner put it, ‘“The physiology 
of reproduction being in its infancy, and ovarian endocrinology scarcely born, 
embryologists accepted Mall’s conjectures for want of anything better.’’ Corner 
has chronicled the events which resulted in progressive change in concept, in 
emphasis, away from the ‘‘environmental” toward a “genetic’’ explanation of 
malformations: the observations of Robinson, Huber, and Corner himself that 
defective embryos often were found in apparently healthy uteri, that normal and 
abnormal embryos shared the same uterine environment, and that abnormality 
may occur before implantation. Soon, it became clear that some of the endometrial 
inflammation described by Mall was a normal response. At about the same time 
from the rapidly burgeoning science of genetics there emerged the concept of 
lethal genes. Numerous lines of evidence, some based soundly on experiment, 
supported the genetic hypothesis, e.g., the presence of the same defect in each 
member of some identical multiple births. The hypothesis of genetic origin of 
some human congenital malformations is inescapable, but recent events have 
taught us that other malformations must be attributed to extrinsic factors. Each 
of these general classes embraces, to use Corner’s words, ‘‘an alarming multiplic- 
ity in detail.” It no longer serves a useful purpose to discuss whether genetic 
bases of malformations in man are more frequent than environmental. As both 
H. Griineberg and S. Waelsch emphasized, we must recognize and learn how to 
cope with the interplay between these factors. 

Nachtsheim discussed several examples in animals other than man which 
demonstrate the origin of anomalies by the complex interplay between intrinsic 
and extrinsic factors. It is hardly necessary to review all of these examples; the 
interested reader is referred to Nachtsheim’s succinct article for concise summaries 
of: one of the classic examples of genic and environmental interplay, the Him- 
alayan rabbit (discussed in relation to leucism in the rabbit and albinism in 
man); the interaction of genes in producing size differences in Ermine and German 
Giant rabbits; and the role of extrinsic factors in the realization of at least one 
type of hereditary cataract. One final example should be touched upon here; 
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it is instructive because of the parallel between man and other animals. The 
Pelger anomaly in rabbits and men is characterized by a reduction in segmenta- 
tion of the nuclei of neutrophils. In both species the condition is attributable 
to a simple dominant gene with complete penetrance and expressivity. In heter- 
ozygotes the typical Pelger cells are those with two segments; in homozygotes 
segmentation is completely suppressed, the nuclei remaining ovoid. By injecting 
colchicine into the rabbit heterozygote, one can obtain a phenocopy of the homo- 
zygote. One dose of the Pelger gene plus colchicine, therefore, has the same 
phenotypic effect as two Pelger genes. In human heterozygotes, similar pheno- 
copies are produced during illnesses accompanied by fever. Once the illness has 
subsided, the patient becomes phenotypically heterozygous again. 

Accepting the conclusions of Fraser, Nachtsheim, and Neel that a minority 
of defects have either a major genetic or a major environmental cause, hence 
that most malformations result from complex and subtle interactions, what kind 
of interacting system must be invoked? 

Neel argued that a substantial proportion of congenital defects are ‘‘segre- 
gants or phenodeviants resulting from complex genetic systems with positive 
adaptive value,” i.e., homeostatic or balanced polymorphic. He stressed those 
systems, which otherwise have received little attention, rather than other possible 
causes like polygenes and maternal-fetal serologic incompatibility. He visualized 
the polymorphic systems thought to play a role in human malformations as 
incorporating the general principle exhibited by the sickling phenomencn in 
man; in the latter example, it will be recalled, for reasons as yet not clear, the 
individual heterozygous for sickling (a qualitative change in the amino acid 
composition for hemoglobin) less frequently dies of falciparum malaria than 
the normal individual. Hence a balance is established between the loss of abnormal 
genes from the population due to early death from sickle cell anemia and the 
loss of normal genes due to the greater death rate from malaria among normal 
individuals. 

Neel expressed his belief that not just one but several loci may be involved 
in the production of a defect, with the defective phenotype resulting from any 
one of several genotypes. Moreover, age-parity effects implicate the role of 
environmental factors in the expression of these genes. The low concordance 
rate in identical twins suggests that such influences may be highly specific in 


place and time, e.g., at implantation. 

Can this hypothesis be tested? Neel believes it can be, citing two possibilities. 
The first of these approaches would be based on the existing knowledge that the 
effects of inbreeding would differ for recessive inheritance and balanced poly- 
morphism. This approach admittedly is capable in theory of yielding critical 
data, but its difficulty must not be underestimated. Our knowledge of the allelic 
structure of populations is fragmentary; hence interpretation of consanguinity 


effects must await advances in basic genetics. 

The second line of study may produce data more readily for man. It is 
proposed to study the effects on frequency of malformations of hybridizing lines 
which have long been separated, with the expected result a temporary decrease in 
the frequency of segregants associated with long-established genetic equilibria 
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disturbed by hybridization. Scattered data, fragmentary and inadequate, con- 
cerning frequency of defects in the American Negro (the product of a good deal 
of hybridization) suggest a lower frequency of malformations than in the Cau- 
casian population. 

Emphasis has been placed, and rightly so, on interactions of intrinsic and 
extrinsic factors. But there are examples in which the best available evidence 
points strongly to one or the other as a primary factor, in which interaction 
appears to be negligible. Let us consider congenital anomalies related to chromo- 
somal aberrations on the one hand and, on the other, those related to infection 
by rubella, paying particular attention to the evidence relating to interaction, 
if any, with extrinsic or intrinsic factors, respectively, and to the question of 
their general significance for the over-all problem. 

Congenital Anomalies in Man Related to Chromosomal Aberrations.—The 
discovery, within the past two years, that chromosomal aberrations are associated 
with congenital defects, has opened a new chapter in human medicine. One 
may predict, confidently, that it will be an important chapter, but whether it 
will have the “happy ending”’ projected in the title of the significant contribution 
by Turpin and Lejeune is open to question. Their title, ““Congenital Human 
Anomalies Due to Chromosome Aberrations” (italics added) reflects the tenor 
of much of the discussion, but stands in sharp contrast to the more conservative 
approach of both Court-Brown and Polani who preferred to speak of the as- 
sociation of chromosomal abnormalities and malformations. Without detracting in 
the least from the significance of the discovery by Turpin, Lejeune, and associates, 
now amply confirmed and extended in laboratories throughout the world, I 
believe that the latter course is to be preferred. Conclusions as to mechanism 
from the relatively limited number of descriptive studies (however elegant) 
now available are unwarranted, a point stressed effectively by B6ék. 

Following the initial discoveries of the association of malformations with 
aberrations of both autosomes and sex chromosomes, the field has entered a 
phase which might be characterized best as one of addition and amplification; 
new principles have not emerged, rather there have been minor modifications 
with each description of another case history. On the whole, however, the major 
findings stand, amply reenforced; the details of recent additions to the literature, 
including a discussion of the numerical system for the nomenclature of human 
chromosomes which was recently advocated at an international conference 
of leaders in the field, are to be found in the aforementioned articles. At this time 
we will take up only the major findings. 

Advances in cytologic technique, such as permitted Tjio and Levan, and 
subsequently others, to determine that the diploid number of human chromosomes 
is 46, have enabled the study of those chromosomes in far greater detail than 
hitherto possible. Aberrations associated with congenital malformations fall 
into two major categories: anomalies of number, and translocations, of either 
autosomes or sex chromosomes. Let us consider first autosomal aberrations. The 
prime example is trisomic Mongolism; the initial description by Lejeune, Gautier, 
and Turpin was confirmed rapidly; at least ten Mongoloid infants have been 
shown to possess a supernumerary autosome. 
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Among the questions raised by the discovery, to which only partial answers 
can be given, are the following: (1) Can the incidence of Mongolism be related 
to the frequency of chromosomal aberrations or to mutations? According to 
Turpin and Lejeune the incidence of Mongolism (20 per 10,000 births) is closer 
to that of experimental nondisjunction (6 or 7 per 10,000) than to point mutations 
(20 per 1,000,000). (2) Should one expect concordance in identical twins? Yes, 
despite the relatively low concordance in identical twins for other defects, but 
not in fraternal twins. Turpin and his associates have recorded an unusually 
high recurrence of Mongolism in siblings, which Turpin and Lejeune argue might 
point to mosaic development or to a translocation. (3) Is increased incidence with 
increasing maternal age in keeping with the cytologic findings? This well-known 
fact is in accord with experimental findings which have shown that the incidence 
of nondisjunctions induced by x-irradiation increases with age. 

Two other propositions stated by Turpin and Lejeune are intriguing: first, 
“The risk that a mongoloid mother and nonmongoloid father will produce a 
mongoloid child as readily as a nonmongoloid one, since the ovocyte 444A + 2X 
+ Vh (the supernumerary) must in principle produce 22A + X + Vh and 22A + 
X ovules in equivalent proportion.’’ Second, they raise the question whether the 
genetic imbalance produced by trisomia may explain the resurgence in Mongoloids 
of dermatoglyphic characters of lower primates. 

Other examples of autosome trisomia have been reported: one involving 
congenital heart disease and mental retardation; another harelip, cleft palate, 
absence of the eyes, polydactylism, and mental retardation: and still two others 
with cardiac malformations and mental retardation; there is little doubt that 
even as this summary is being written, other examples are being added to the 
literature. 

The human karyotype can be modified also by translocations; to date few 
have been described. I shall cite only one example, the first to be described, found 
in the karyotype of a child in whom trophic failure (abiotrophy) was complicated 
by a moderate mental retardation and complex vertebrocostal malformations, 
a complex termed polydysspondylia. 

In introducing his discussion of abnormalities of the sex chromosomes, 
Court-Brown rightly emphasized the important contributions stemming from 
the demonstration by Barr and his associates that chromosomal sex could be 
determined by observation of somatic cells: the so-called sex chromatin. This 
work led to the recognition of three clinical states in which the nuclear sex was 
at variance with the phenotypic sex: some cases of Klinefelter’s syndrome, some 
of Turner’s, and cases of testicular feminization. Until chromosome analysis 
became possible it was believed that all three states were examples of apparent 
sex-reversal, but this now remains true, according to Court-Brown, only for 
testicular feminization. 

Rather than attempt to enumerate the rapidly growing variety of aberrant 
individuals arising from various abnormal chromosomal combinations, I shall 
center attention on Court-Brown’s excellent categorization of three major 
classes of anomalies. 

1. Abnormalities considered to result from errors occurring frior to conception 
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in the parents, possibly by nondisjunction. In meiosis, two chromosomes remain 
together during anaphase and go to the same pole, an error resulting in gametes 
with 22 and 24 chromosomes. This explanation fails, of course, to account for 
partial deletions. Included in this category are a variety of types, such as an 
individual with a chromosome number of 45, nuclear sex male, chromosomal 
sex XO, who is a chromatin-negative case of Turner’s syndrome; one phenotypic 
female with a chromosome count of 46, a nuclear sex less positive than normal, 
a partial deletion in one X chromosome, and gonads like those encountered in 
Turner’s syndrome (but without the other characteristics); and finally (omitting 
other examples cited by Court-Brown), two types of phenotypic male in which 
the chromosome count may be 47 or 48, nuclear sex female, and chromosomal 
sex XXY or XXXY. Clinically those XXY individuals are characteristically 
described as having features of Klinefelter’s syndrome. 

2. Abnormalities presumed to follow errors subsequent to conception, from 
the first cleavage division through postnatal life, in other words, chromosome 
mosaics, in which two stem lines exist distinguished from each other by differences 
in chromosome number. These instructive examples should be mentioned: stem 
lines with counts of 45 and 46, chromosomal sex XO and XX, respectively, 
phenotype female, clinical state, Turner’s syndrome; a second type with counts 
of 45 and 47, XO and XXX, phenotypically female, but lacking a vagina, with 
no breast development; and a third, 46, XX, 47, XXY, nuclear sex female, 
clinically Klinefelter’s syndrome. I shall not discuss the elements of mosaicism 
except to remind the reader that of the two possible mechanisms, errors in 
division of the egg cytoplasm prior to fertilization, and errors after fertilization, 
e.g., nondisjunction, anaphase lagging, or cleavage division, the second appears 
to be the more probable mechanism in the great majority of cases. 

3. The third group of errors are not errors of sex determination but of sex 
differentiation, gametogenesis and sex determination being normal. We remain 
ignorant of the basis for these abnormalities; little can be said except to describe 
three major types. In the first the chromosome number is 46, XY, i.e., although 
conceived as males, they are phenotypically females. Many of the phenotypic 
expressions of femaleness are well developed, although there is considerable 
variation. Some of the phenotypic females are heterosexually oriented, and marry. 
The second major type is the well known ‘‘pure gonadal dysgenesis,’’ and the 
third, true hermaphroditism. Court-Brown advances the idea that the first 
type, testicular feminization, may be related to the action of a sex-linked recessive 
gene or a sex-limited autosomal gene. 

Court-Brown’s concluding remarks need to be considered: he emphasized 
that since the discovery of the association of chromosomal abnormalities with 
malformations, the accent has been on recognition of individual types of aberra- 
tion. But now that a high degree of systemization has been established in the 
continuing search, the emphasis should be shifted to an analysis of the frequency 
of such aberrations and their general significance. Such studies are in their 
infancy, but already they suggest that mental deficiency may be related import- 
antly to chromosome abnormalities. Initially, at least, some advantage is to be 
found in centering attention on the sex chromosomes, for the use of the sex 
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chromatin technique permits a rapid preliminary screening for individuals whose 
nuclear and phenotypic sex are at variance. Ultimately, however, large scale 


studies of the autosomes must be conducted. 

The Role of Rubella in the Production of Fetal Malformations.—Leading 
off the discussion on environmental and genetic interactions from the viewpoint 
of environmental teratogenesis, Warkany made a telling plea for experiments and 
observations on the ‘‘microenvironment”’ of the embryo. He stressed effectively 
the inadequacy of the antithesis of exogenous versus endogenous teratogenic 
factors, pointing out that forces acting within the internal or intimate environ- 
ment of the embryo hardly can be called exogenous. 

The few examples of environmental teratogens which can be cited account 
for only a fraction of the congenital defects seen today. “It is a rare case in 
pediatric experience,’ Warkany wrote, ‘‘that can be clearly related to one of the 
environmental agents enumerated. Yet the examples cited are of great theoretical 
importance because they demonstrate the possibility of deformation of a normal 
ovum or embryo in utero after conception.’’ These exceptional cases must be 
cherished also because they provide a starting point—however slim and precarious 

for further explorations of the microenvironment, the significance of which is 
shown by the fact that discordant monozygotic twins, 1.e., identical twins of which 
one is defective, do exist. Thus, although the intrauterine world appears grossly 
homogeneous, each fetus inhabits a different amniotic cavity and is connected 
with the placenta by a different umbilical cord. ‘‘Each identical twin grows up in 
its own microcosmos with its individual protective properties and its individual 
weaknesses.” 

Hence the importance of rubella. The mode of action of the rubella virus 
has not been explained; the facts are well established, however, and considering 
the rapid progress being made in cell biology and virology, we may expect ad- 
vances in our knowledge of its mode of action, which may in turn provide a 
model for other studies. Warkany put the background of the story in perspective 
when he wrote, ‘“Thus, the belief in infection as a cause of congenital malforma- 
tions was at an all-time low when in 1941 Gregg discovered that German measles 
affecting the mother in the first trimester of pregnancy can cause congenital 
malformations in the child. The story has been told so many times that it is not 
necessary to repeat it here at length. Cataract, microphthalmus, congenital 
heart disease of many types, microcephaly, mental retardation, deafness... can 


” 


be induced... . 

The rubella syndrome, the difficulties in estimating risk to the fetus from 
rubella, a comparison of retrospective and prospective studies—all these topics 
were discussed by A. J. Rhodes, in what is, to the writer, one of the finest reviews 
of the subject that has yet appeared. Where Rhodes’ treatment is especially 
outstanding is in his statement (as a virologist) of the unsolved problems in 
rubella. It has not been appreciated generally, for example, that although the 
general biologic characteristics of the disease suggest a virus etiology (human 
children and adults and rhesus monkeys can be infected with blood and nasal 
washings; the experimental disease resembles the natural and is transmissible 
to contacts), the virus has not been propagated in suckling mice, in eggs, or in 


easly CONGENITAL MALFORMATIONS 105 
cells cultivated in vitro. Rhodes and associates have failed to grow the virus in 
tissue cultures of human amnion from throat washings, whole blood, and stool. 
Yet infection has been obtained by inoculation of certain filtrates and the agent 
has successfully been stored in dry ice for at least two years. Furthermore, al- 
though there is evidence of a rubella neutralizing antibody (infectivity is neu- 
tralized by convalescent serum and contacts are protected by convalescent gamma 
globulin) there is no simple laboratory diagnostic test. In view of these difficulties 
it is not surprising that we can only conjecture how the malformations are incited. 
The virologist would explain the action in terms of localization of virus in develop- 
ing embryonic cells, with intracellular multiplication and consequent cell de- 
struction—certainly an economical hypothesis—but it must so remain until 
technical obstacles are overcome. Other suggestions have been made, e.g., that 
the virus might restrict blood flow by acting on blood vessels or that it might 
initiate a metabolic disorder. Until such time as the virus is isolated, cultivated, 
and characterized, little more can be said. 

Efforts have been made, and are being made, to discover if other viruses 
are teratogenic. Virus infections early in pregnancy may lead to abortion, and 
late in pregnancy, to the birth of an infant showing clinical evidence of infection. 
But despite much effort the results of studies designed to demonstrate defects 
have been slender. Mumps, poliomyelitis, and Asiatic influenza have been in- 
criminated, but according to Doll and Tondury the data are so conflicting and 
sketchy that their significance cannot be regarded as established. It would appear 
that the rubella virus is a relatively specific teratogenic agent. Why? Why do not 
other viruses exert such effects? Is the answer to be found in the interaction of the 
virus with genetic or immune factors in the host? We have no information, yet 
we must inquire, for, as Horsfall made clear, evidence of the inextricably inter- 
woven relations between genetic and metabolic factors and experimental terato- 
gens often is developed when it is least expected. In the case of rubella and other 
viruses, thought must be given to the basic biologic and chemical properties 
of viruses in relation to congenital malformations, their effects on enzymes of 
host cells, and the concept of infective heredity. 

Horsfall’s emphasis on molecular interactions was shared by the geneticist 
Landauer, who drew examples from the field of chemical teratogenesis. Let us 
review only one example. In experiments concerning the teratogenic effect of 
boric acid on chick embryos, Landauer found that the frequency and extent of 
malformations were greater in embryos with pigmented than in those with 
unpigmented down. At first he assumed that the finding was related to the reduced 
viability of embryos with extended black pigmentation and slow feathering. 
However, in treated progenies of parents heterozygous for plumage color, pigmen- 
tation of the mother was a greater handicap than pigmentation of the embryo 
itself. Later it was found that boric acid interfered with riboflavin metabolism, 
supplementary riboflavin reducing its teratogenicity, and that pigmented fowl 
need increased riboflavin for efficient reproduction. A direct link was established, 
therefore, between down pigmentation and the incidence and severity of mal- 
formations. Such specific metabolic links must lie at the bottom of all teratologic 
events. Attention must be directed, therefore, to the metabolic and structural 
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properties of the individual developing cell, and to molecular interactions between 
cells. Cellular differentiation is fundamental to all other expressions of develop- 
ment, and aberrations of development must owe their origin to the abnormal 
behavior of individual cells, i.e., to some interference with the normal course of 
cellular differentiation. Whether proceeding normally or abnormally, cell dif- 
ferentiation involves the transformation of cells of identical potentialities into 
diverse types recognizably different in structure and function and frequently 
also in their potentialities for further development. The source of these differences 
may lie either in the nucleus or the cytoplasm of the cell or in both. 


NUCLEOCYTOPLASMIC INTERACTIONS DURING DEVELOPMENT 


C. L. Markert’s objective was not merely to summarize and evaluate the 
evidence bearing on interactions between the nucleus and cytoplasm in developing 
cells, but to formulate a plausible working scheme on which students of normal 
and abnormal development might center their attack. He took as his focal point 
the hypothesis of differential gene activation. He proposed that the zygote contains 
undifferentiated chromosomes (largely nucleohistone). Many of the genes on 
these chromosomes are not functional in the zygote; the nucleus itself appears to 
play only a minor role during the early cleavage stages of embryonic development. 
As cleavage proceeds, the chromosomes are subjected to differentiating chemical 
environments, and specific parts of the DNA are coupled with cytoplasmic 
constituents (probably protein). ‘‘This increasing chemical complexity,”’ he 
argued, ‘‘activates many genes to function (and perhaps inhibits others). The 
synthetic activity of the genes then results in the formation of ribosomes that 
pass into the cytoplasm. The nuclear envelopes, that also owe many of their 
characteristics to the activity of chromosomes, may produce mitochondria and 
the endoplasmic reticulum to which many of the ribosomes become attached. 
The activity of these organelles in the cytoplasm, together with the ingress of 
materials from adjacent cells, results in a new chemically differentiated cyto- 
plasm.’’ Now a feedback is exerted on the nucleus, establishing an oscillating 
interaction between nucleus and cytoplasm, eventually reaching a state of equili- 
brium, in which, in the absence of nuclear division, cells should be relatively 
stable. The fact that cells in vitro lose many of their specialized characteristics 
is consistent with the argument. Other lines of evidence advanced in support of 
the hypothesis of differential gene activation include: (1) The phenomenon of 
chromatin diminution in Ascaris which occurs first at the second nuclear division 
in one of the two nuclei of the embryo. The nucleus which undergoes chromatin 
diminution does so because of the particular area of the cytoplasm in which it 
lies. If the cytoplasm is redistributed by centrifugation, both nuclei will lose 
part of their chromosomes to the cytoplasm at the next division. Thus in this 
example the cytoplasm is primarily responsible for the behavior of the nucleus. 
(2) The progressive changes in nuclei of the Rana pipiens embryo revealed by the 
technique of nuclear transplantation as worked out by Briggs and King, which 
Markert interprets as irreversible differentiation. When by means of a micropi- 
pette a nucleus obtained from an embryonic cell is injected into the enucleated 
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egg, the egg divides, the nature of its subsequent development measuring the 
capacity of the donor nucleus to promote development. Nuclei taken from 
embryos in gastrula or earlier stages of development commonly support normal 
development in recipient eggs. When donor nuclei are taken from later stages of 
development the percentage of recipient eggs that develop normally declines 
until in late embryonic stages essentially none of the donor nuclei support normal 
development. When endoderm nuclei are transplanted characteristic syndromes 
of abnormalities commonly appear: nuclei from the neurula stage result in 
embryos deficient in ectodermal structures, the endoderm developing normally. 
The persistence of developmental limitations in the transplanted nuclei has been 
demonstrated by retransplanting nuclei from abnormal recipient embryos to 
freshly enucleated eggs, the same syndrome of abnormalities appearing when the 
retransplanting procedure was repeated for several generations. Markert believes 
that the responsibility for this differentiation falls most probably upon the chromo- 
somes which alone appear to replicate during nuclear division. All other nuclear 
components seem to be lost or at least diluted out through repeated nuclear 
divisions. 

It may be added that cytologic studies described recently by Briggs, King, 
and DiBerardino (Symposium of the International Institute of Embryology, 
1960) have revealed that developmental arrest and abnormalities observed in 
some embryos following transplantation of endodermal nuclei from late gastrulas 
are associated with chromosomal abnormalities induced in the transplanted 
nuclei. 

(3) Markert referred to two other investigations which suggest that non-DNA 
portions of the chromosomes are responsible for chromosomal differentiation. 
They involve transplantation of nuclei into frog eggs of different species by Moore, 
and by Fischberg and associates. The recipient eggs develop into blastulas, but 
no further development occurs. When nuclei from such arrested blastulas are 
transferred again to eggs of the foreign species, the same pattern occurs. Hybrid 
amphibian embryos commonly are arrested as blastulas; hence this result is not 
surprising. However, after a period of residence in foreign cytoplasm, nuclei 
are not immediately able to support normal development, even when retrans- 
planted to their species-specific cytoplasm. The first nuclei produced only ar- 
rested blastulas, as if the nuclei were still in foreign cytoplasm. Multiplication 
of the nuclei in foreign cytoplasm produces a persistent change, Markert believes, 
in the chromosomes. Gurdon, who extended this type of investigation with 
Rana temporaria and Xenopus laevis showed that the effect of foreign cytoplasm 
was cumulative but reversible after repeated transplantations into species- 
specific cytoplasm. The number of transfer generations required to restore the 
normal developmental capacities depended upon the number of nuclear divisions 
that had occurred in foreign cytoplasm. Markert also reviewed the further 
evidence that nuclear capacities were correlated with the size of the nucleolus. 
While a nucleus was in foreign cytoplasm the nucleolus remained small, suggesting 
reduced RNA-protein synthesis. After transfer to species-specific cytoplasm, the 
nucleolus gradually returned to normal size, at which time the nucleus was 
capable of supporting normal development. During nuclear division the entire 
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chromosome replicates, not just the DNA; many replications might be necessary, 
therefore, in order for a chromosome to lose a component acquired during its 
residence in a foreign environment. 

(4) Finally, we may summarize Markert’s discussion of another source of 
evidence for nucleocytoplasmic exchange: the ultrastructure of developing cells 
revealed by the electron microscope. The time course of the appearance of 
structure implies an interaction between the nucleus and cytoplasm. The nuclear 
membrane appears to be a complex organelle actively presiding over the passage of 
materials between the nuclear and cytoplasmic parts of the cell. Commonly, 
the nuclear envelope consists of two membranes, each roughly 50 to 80 A thick, 
separated by a perinuclear space of somewhat greater dimensions. Discontinuities 
or ‘‘pores’”’ through the envelope have been described. These ‘“‘pores’’ are larger 
than is necessary to accommodate the passage of macromolecules or of ribosomes, 
but it is unlikely that passage would be by simple diffusion and the ‘‘pores” 
may be specialized organelles that exert a fine discrimination over what is per- 
mitted to pass. Electron micrographs of a variety of tissues show the nuclear 
membrane cast into folds which have been interpreted as sites of mitochondrial 
formation. Since the differentiated properties of the cell are in part a reflection 
of the diverse populations of mitochondria that it contains, some relationship 
between the genome and mitochondria of the cell seems essential. 

One conspicuous feature of the cytoplasm of many differentiated cells is an 
endoplasmic reticulum, a membranous system attached to the outer nuclear 
envelope and to the cell membrane. Evidence has been presented which shows that 
it originates from the nuclear membrane, which remains in close association with 
the chromosomes. Although the endoplasmic reticulum is variable in different 
cell types, it is generally lacking or only slightly developed in embryonic cells. 
As cell differentiation progresses the reticulum commonly increases and eventually 
most of the ribosomes become attached to it. 

In many embryonic cells the ribosomes are distributed largely unattached to 
any membranous system. However, recent studies on the eggs and embryos of 
several tunicates, which show a mosaic type of embryonic development, reveal 
a rather extensive membranous system in the cytoplasm even in the earliest 
stages of development. Whether these membranes compose a true endoplasmic 
reticulum remains doubtful. 

Contrary to what the presence of these membranes might suggest, the 
cleaving eggs of tunicates do not possess extensive synthetic activities as com- 
pared to their later larval and adult stages. In fact, nucleotide synthesis, at 
least, would seem to be unnecessary because the eggs of the tunicate, Ascidia 
nigra, contain about one thousand times as much DNA as is found in the sperm. 
Furthermore, the ability to synthesize amino acids is slight in these embryos but 
during later larval life an enormous expansion of synthetic activity occurs. This 
enlargement of synthetic capability parallels the development of nucleoli, which 
are absent from the dividing cells of the early embryo but appear later in develop- 
ment. This evidence suggests to Markert that the nuclei and chromosomes of these 
early embryos do not have much functional significance. Similar conclusions 
from a variety of evidence can be drawn about the nuclei of amphibian embryos 
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up to the beginning of gastrulation. Only later do the nuclei begin to function 
and to play a crucial role in cellular differentiation. 


TISSUE INTERACTIONS 


It was E. Zwilling’s responsibility to define inductive tissue interactions, to 
delineate their scope and significance, to evaluate the conflicting literature bearing 
on the molecular basis of their action, and to indicate how their malfunctioning 
may result in the production of congenital malformations. He began by illustrating 
tissue interactions, thus defining induction operationally. After discussing first 
the amphibian exogastrula, he devoted his attention to the developing limb, 
a system which proved to be unusually instructive in the context of the Conference, 
inasmuch as both developmental and genetic approaches have been utilized 
successfully. When it first appears on the third day, the limb bud of the chick 
embryo consists of two simple components, a core of rather uniform mesoderm 
and an outer covering of ectoderm. The ectoderm is composed of two cell layers: 
a single cell thickness of low cuboidal epithelium which is covered by another 
single cell thickness of an epitrichial layer. Along the free edge of the bud the 
epidermis is specialized and takes the form of a thickened crestlike structure 
known as the apical ectodermal ridge. Surgical removal of the ridge from a 
wing bud prevents limb outgrowth. The proximal regions of the limb develop 
as though they are still part of a normal limb, the size of the basal structures 
being normal even though distal parts are missing. The deficiencies are more 
extensive proximally when younger rather than older buds are employed. Limb 


development appears to involve a proximodistal sequence of establishment of 
limb parts in which the apical ectodermal ridge is intimately involved. 


At the time Saunders described the foregoing findings, Zwilling was studying 
an amelic mutant, the so-called wingless mutation, in which the homozygous 
recessives fail to form wings. The gene-mediated anomalies were almost exactly 
like the surgically produced conditions in that the basal portions of the wings 
did form and were normal in size. An examination of the early embryos revealed 
that normal wing buds were present during the early part of the third day but 
that the ectodermal ridge degenerated during the course of that day. 


In continuing the analysis, Saunders showed that blocks of mesodermal 
tissue, ordinarily destined to become part of the thigh, would form digits when 
placed in contact with the ectodermal ridge in such a way that they came to 
lie in the distal regions of the limb. Limb type characteristics were retained by 
these tissues, typical foot digits forming even when mesoderm from a leg bud 
was grafted beneath the ridge of a wing bud. And, Zwilling adds, ‘‘The inductive 
capacity of the ectodermal ridge was demonstrated in a positive way by experi- 
ments in which the mesoderm from a single limb bud was provided with more than 
one ridge and, as a consequence, developed two sets of distal structures and 
those in which the ridge was rotated 90° to its original position and induced limbs 
which were oriented in accordance with its new position.”’ 


Next, evidence that there was a reciprocal relationship between the two limb 
bud components was presented: when genetically normal ectodermal ridges were 
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combined with mesoderm from mutant limb buds it was found that the mesoderm 
could respond to the influence of the ectoderm, since there was more elongation 
of such grafts than in control limbs; however, the integrity of the genetically 
normal ectodermal ridge was not maintained when it was associated with the 
mutant mesoderm: after a short interval the ridge degenerated and limb out- 
growth stopped. The dependence of the ridge on some mesodermal factor was 
suggested also by the results of experiments with polydactylous buds. As these 
buds develop it becomes evident that the formation of the accessory distal 
structure is preceded by the appearance of a more extensive apical ectodermal 
thickening than is found in the normal embryo. When mutant limb components 
were combined with genetically normal ones the genetically normal ridge, under 
the influence of the mutant mesoderm, was more extensive than normal and the 
typical pattern of polydactyly was evinced. On the other hand, the accessory 
limb components could be eliminated from a potentially polydactylous limb by 
merely removing an appropriate region of the ectodermal ridge. 

Saunders and his associates have rotated the distal tips of wing buds and 
have replaced them, in reverse orientation, on the proximal stump in such a way 
that the anterior part of the tip is fused to the distal structures, almost identical 
with those of mutant “‘duplicate’’ wings. Does this mean that the original region 
of high maintenance factor is maintained in the tip while a second region of high 
ectodermal ridge maintenance factor is established as a result of the tip’s contact 
with the region of high concentration in the stump? 

Zwilling’s summary should be quoted: ‘‘The sequential elaboration of limb 


parts depends on an inductive interaction between the ectoderm and mesoderm. 
Outgrowth and continued formation of the more distal limb structures are due to 
an influence exerted on the mesoderm by the ectoderm, especially the ectodermal 
ridge. The ridge, however, is not an independent structure but, in turn, requires 
some contribution from the mesoderm for its continued existence and activity. 
The mesodermal factor responsible for this function is distributed asymmetrically 
and produces resultant asymmetries in the ridge and associated outgrowths 


which are typical for each limb type.” 

Reciprocal dependence between the interacting tissues of an inductive 
system is not unique to the developing limb. During the course of their develop- 
ment, few, if any, structures in the body of vertebrate organisms are elaborated 
without the proper initial interaction of their constituent tissues. Rather than 
multiply examples, however, let us consider the evidence summarized by Zwilling 
for the nature of inductive stimuli. 

Until recently, inductive interactions were considered to require direct 
cellular contact. Consider, for example, McKeehan’s analysis of lens induction 
in the chick embryo: during the critical period of lens induction, the optic vesicle 
becomes very closely attached to the overlying ectoderm. If a part of the at- 
tachment zone is prevented by a cellophane membrane, elongated ‘“‘pre-lens’”’ 
cells appear only at the edge of the cellophane where cellular contact occurs be- 
tween the optic vesicle and the ectoderm. In these experiments, however, as in 
some others, the porosity of the barriers was not controlled. Brachet and de 
Scoeux have shown that induction between neural plate and roof of archenteron 
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will not occur through an agar or thin cellophane barrier but may occur weakly 
through one with pores large enough to allow particles to pass. Lash, Holtzer, 
and Holtzer have shown that vertebral cartilage may be induced by spinal cord 
through a Millipore filter of 0.8 » porosity. McKeehan’s later experiments with 
agar membranes, although less conclusive, support the thesis that direct cellular 
contact is not required for lens induction. 

Grobstein and Grobstein and Dalton have provided the most complete 
analysis of this question as it applies to the development of the submandibular 
(salivary) gland and metanephric kidney—nerve cord inductive systems of the 
mouse. By a combination of in vitro techniques, the use of Millipore filters with 
known porosity and thickness, and electron microscopy they have shown that 
interaction in these secondary inductive systems may occur in the absence of cell 
contact between the interactants. However, the evidence does not support the 
notion that freely diffusible substances are involved, since these particular re- 
actions did not occur across distances which exceeded 70 to 80 u. 

In a recent article, unavailable to Zwilling at the time of the Conference, 
Grobstein has reported that dorsal spinal cord of the 11-day mouse embryo, 
heavily radioactive following incubation in tritiated amino acids, deposits signifi- 
cant amounts of labeled material in a membrane filter between it and meta- 
nephrogenic mesenchyme. Most of the label appears in both the filter and mesen- 
chyme during the first six hours of incubation. It is provisionally assumed to 
represent protein. 

Many attempts have been made to extend the analysis of inductive mech- 
anisms to the molecular level; most of the research has been concerned with the 
response of isolated bits of very early gastrula tissues, almost exclusively from 
amphibian embryos, and has involved the testing of extracts from adult tissues 
as well as the effects of substances released into a medium by embryonic tissues 
which have been cultured for long periods. In addition, indirect inferences have 
been made from experiments in which responsive tissues have been placed in 
contact with adult tissues which have been killed in various ways. These experi- 
ments, while not completely unequivocal, suggest that nucleoproteins or fractions 
thereof are effective. Niu favors the nucleic acid moiety, Yamada and his as- 
sociates, a protein fraction; Brachet considers the nucleoprotein complex to be 
important in this regard. There is recent evidence that specific differentiations 
may be induced by particular nucleic acid or microsomal preparations. Niu 
has reported that liver and kidney may be induced by liver and kidney nucleic 
acids and Ebert has shown that heart microsomes may induce tissues of the 
chorioallantoic membrane of a chick embryo to form cardiac tissue. 

V. Hamburger added, however, that the recent work of Barth and Barth 
necessitates a careful re-evaluation of results obtained with labile cells in varying 
environments. Small pieces of prospective epidermis from early gastrulas of 
Rana pipiens are explanted into a salt solution and cultured for 10 to 20 days. 
Under these conditions the cells do not differentiate. If, however, the medium is 
supplemented with serum globulin (and boiled), nerve cells grow out of the 
central mass. Another cell type, which is unidentified, also differentiates. 

One might ask, as did H. Fell, whether the findings of Barth and Barth 
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may be compared with those of Wilde, who found that urodele prospective 
neuroepithelium will differentiate into a spectrum of cell types in vitro if archen- 
teric roof is present, or if the medium is supplemented with phenylalanine. Wilde 
interprets further experiments with phenylalanine analogues and _ potential 
precursors as indicating that the archenteric roof provides the neuroepithelium 
with the phenylalanine which it needs to differentiate in its normal directions. 

Is this a specific induction by a small molecule? Does the work of Barth and 
Barth involve a comparatively specific induction, or does it involve nonspecific 
environmental conditions which trigger pre-existing pathways? Is there any 
difference? Does induction necessarily involve transfer of macromolecules? 
Does it involve transfer of replicating units, as is frequently invoked to explain 
homoiogenetic induction? Is there any point in looking for an underlying general 
mechanism of induction, or could the mechanisms be as numerous as the situations 
in which one tissue can exert an influence on another tissue? 

We see from this very brief glance at inductive mechanisms that no strong 
generalizations can be made at the present. Indeed, current information leads us 
to expect diverse mechanisms for different inductive systems despite the features 
which are common to many of them. 

Finally, Zwilling asks, how would the malfunctioning of an inductive mech- 
anism result in congenital defects? Anomalies may be produced, he believes, by: 

1. Distortion of the Inductive Pattern.—Microcephaly or anterior duplications 
may result from disturbances in the pattern of the head inducer. Polydactyly 
may result from an atypical distribution of ridge maintenance factor. 

2. Failure of the Interactants to Make Proper Contact.—Two examples of 
this type of failure are anophthalmia and renal agenesis. Chase and Chase have 
described the developmental events which precede the eyelessness or microph- 
thalmia which are found in an anophthalmic strain of mice. In the extreme 
expression the eye vesicle forms but does not make contact with the overlying 
ectoderm from which the lens normally is induced. As a consequence a lens does 
not form and the vesicle remains quite rudimentary. In some cases a reduced 
optic cup does make contact with the ectoderm and induces a small lens. It is 
presumed that growth of the optic vesicle is at fault and that eye development 
fails because the two interacting tissues fail to make contact but that the inducing 
and responding capacities of the two tissues are unimpaired. A somewhat similar 
situation has been described by Gluecksohn-Schoenheimer in the failure of 
metanephric kidney development of Sd mice. Normally kidney tubules are 
induced by the ureteric duct which grows up from the posterior end of the mes- 
onephric duct. In Sd mutants the ureters frequently fail to branch and make 
contact with the bulk of the metanephrogenous tissue, and kidneys fail to develop 
or are represented by very rudimentary structures. Preliminary results of an in 
vitro analysis of the mutant tissues have revealed that both components interact 
reasonably normally when combined with a genetically normal partner. These 
data support the notion that kidney agenesis in Sd mice results from a failure of 
proper branching of the ureter and not in its loss of inductive capacity. 

3. Loss of Inductive Capacity—The wingless mutant described in the fore- 
going section is an example of loss of inductive capacity. 
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4. Loss of the Ability to Respond.—Bennet's in vitro analysis of the somites 
of Brachyuric mice has provided us with an example of failure of this lethal 
homozygous condition. The experiments showed that the mutant somites could 
not form cartilage when placed in contact with nerve cord, the normal inducer 
of vertebral cartilage. The mutant nerve cord, however, could induce cartilage 
formation from genetically normal somites. 


HUMORAL INFLUENCES ON DIFFERENTIATION AND GROWTH 


Thus far we have centered our attention on interactions within the cell 
and between closely associated tissues, emphasizing those points at which de- 
velopmental mechanisms might go awry. But there are other interactions to be 
considered, namely, those which clearly involve the production of a humoral 
agent by one organ or tissue which influences the differentiation, growth, or 
morphogenesis of another. These interactions, too, are susceptible to interference. 

In opening the discussion, R. Levi-Montalcini reviewed the evidence for 
the role of a specific protein in regulating the growth of the sensory and sym- 
pathetic nervous systems. A protein with remarkably similar chemical and 
immunologic properties was isolated, in the course of the last few years, from a 
variety of biologic sources. A sequence of experiments both in vivo and in vitro 
showed that it enhances in a selective and specific way the growth potentialities 
of sympathetic and sensory cells. The former are highly receptive to the growth 
agent from early embryonic life up to maturity, the latter become less responsive 
as they mature. Levi-Montalcini suggests that only a small percentage of sensory 
cells are affected by the growth agent. Positive evidence for embryonic sensory 
cells is available in favor of this hypothesis, but only indirect evidence for mature 
sensory cells. 

Injections of an antiserum elicited by the ‘purified protein isolated from 
mouse salivary glands resulted in the near-total destruction of sympathetic 
cells in newborn mammals, and in a severe atrophy of the same cells in adult 
animals. The antiserum effects in the sensory nerve cells are still not investigated 
in detail. A size reduction of sensory ganglia in the injected newborn animals 
indicates that these ganglia are adversely affected by the antiserum. 

Three different kinds of structures have been considered as the possible 
producers of the specific protein: the mouse salivary gland and its homologue, 
the venom gland, in reptiles; sympathetic and sensory cells; and mesenchymal 
derivatives. All the above structures share the property of harboring the specific 
protein. It is found in a very high concentration in the first group of structures, 
in a lower quantity in the second group of tissues, and in an almost negligible 
amount in the two mesenchymal kinds of structures which were tested, mouse 
sarcomas and mammalian granulomas. 

Levi-Montalcini and her colleague have reached the conclusion that the 
third group represents the most likely source of production of the specific protein 
in the organism. Angeletti and Levi-Montalcini have injected a granuloma- 
producing agent (carrageenan) into different mammals: mice, rats, guinea pigs, 
rabbits, and monkeys. In most instances this agent evoked a granuloma tissue 
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in 5 to 7 days. Fragments were explanted in vitro in proximity to sensory ganglia 
of 8-day chick embryos. In all instances the ganglia produced exuberant nerve 
fibers within 8 to 10 hours on the side facing the granuloma. Extract of granuloma 
tissue added to the culture medium also stimulated the production of a dense 
halo of nerve fibers from sensory ganglia. These results are comparable in all 
respects to similar results obtained with mouse sarcoma. The granuloma agent 
is heat labile and is precipitated with alcohol like other nerve growth agents. 
it is inactivated by the rabbit antiserum against the purified salivary factor. 
This result indicates a similar antigenic structure of the salivary and granuloma 
nerve growth agents. 

Tests of the in vivo potencies of the granuloma through transplanatation of 
small fragments of rat or mouse granuloma into 3-day chick embryos, indicated 
that this tissue possesses the capacity of stimulating the outgrowth of nerve 
fibers from the adjacent sympathetic ganglia of the host. Small nodules of the 
transplanted tissue projected into the abdominal cavity of the embryo and 
became invaded by nerve fibers outgrowing from the Remak intestinal ganglion. 
The results compare with previous results obtained with mouse sarcomas, al- 
though the much more limited growth capacities of the granuloma are reflected 
in the much more restricted nerve growth effects of this tissue, which affected 
adjacent but not remote ganglia. Similar results were obtained in some instances 
with mouse sarcomas. The question as to whether other sources beside mesenchy- 
mal tissues contribute to the production of this growth factor remains open. At 
present Levi-Montalcini offers the following tentative interpretation of the 
results: a proteinic nerve growth factor is produced in the organism in a widespread 
array of tissues, possibly of mesenchymal nature. The protein is stored and dis- 
posed of by the salivary gland and its homologue, the venom gland. Sympathetic 
and sensory nerve cells selectively incorporate this protein. Immunologic and 
in vitro experiments show that this protein is a normal constituent of the re- 
ceptive nerve cells. 

It will be recalled that an antiserum is produced by injection of the highly 
purified salivary protein in rabbits. Such an antiserum was tested in vitro, at 
first against the salivary protein, then against the snake venom, the crude extract 
of mouse sympathetic and sensory ganglia, and cat sympathetic ganglia. In all 
instances a precipitin reaction took place, thus indicating similar antigenic 
properties of this factor when located in body fluids, organs, or in the receptive 
nerve cells. The precipitin test was not performed with sarcoma and granuloma 
extracts since neither of them was available in a purified form. However, the 
inactivation in vitro of the granuloma extract by the specific antiserum indicates 
that this agent also has the same antigenic properties. The double diffusion 
technique (Ouchterlony) provided additional evidence for the antigenic similarity 
of the salivary protein and the protein extracted from mouse sympathetic ganglia. 
In both instances only one sharp band of precipitate was obtained. 

The site of action of the antiserum has been investigated by labeling the 
antiserum with fluorescin and then confronting microsections of sympathetic 
mouse ganglia with the labeled antiserum. This treatment has resulted in a fluore- 
scence of the cytoplasm of sympathetic cells. These preliminary results, if con- 
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firmed by more extensive and detailed experiments now in progress, would give 
decisive support to the hypothesis that the antibodies present in the serum react 
with the antigen present in the nerve cells. The hypothesis that the near total 
destruction of the sympathetic cells of newborn animals injected with the anti- 
serum is due to a direct cytotoxic effect receives, therefore, strong support from 
these results. 

Are we justified in concluding that the diffusible protein nerve growth factor 
is a hormone? Levi-Montalcini believes not. In a thoughtful vein, she states her 
case in the following manner: first, although two important aspects of this 
phenomenon, the target specificity of the effect coupled with lack of species 
specificity, and the requirement of a continuous supply of the agent to the realiza- 
tion of the growth response, are suggestive of a hormonal effect, the effects 
elicited by the nerve growth factor differ in many other significant respects from 
those classically ascribed to hormones. To show these differences, she compares 
her own findings with those of Kollros and his associates and of F. H. Wilt, 
who have analyzed the effects of thyroid hormone on nerve cell populations and 
on the retina of the amphibian tadpole. 

Thyroid hormone administered in pellet form to amphibian larvae resulted 
in a selective growth response of some nerve cell populations. The effect was found 
to be in direct relationship with the location of the pellet, the concentration 
of the hormone, and the differentiative stage of the nerve cells. The characteristics 
of the response favored the hypothesis of a direct hormonal action on the cells 
which underwent precocious maturation and size increase. Levi-Montalcini 
recalled Weiss’ statement, ‘‘The morphogenetic action of a hormone is not too 
unlike the action of the photographic developer in bringing out the latent picture 
on an exposed plate.’’ The receptive nerve cells attained in fact the size character- 
istic of more mature nerve cells but did not trespass it. 

She asked then whether it is appropriate in this instance to speak of a 
“growth effect.’’ The observation that the same cells reverted to their previous 
size upon discontinuation of the treatment is another interesting aspect of the 
phenomenon. Kollros stated, ‘‘The changes in size and apparent cell number are 
examples of modulation in response to varying levels of thyroxin concentration.” 

Using the same technique of local implantation of thyroxin pellets as in the 
experiments mentioned above, Wilt observed the conversion of the visual pigment 
in the retina of larvae of Rana catesbeiana from porphyropsin to rhodopsin. 
The same process, which is known to take place during metamorphosis, involves 
a simple chemical reaction in the chromophore group of the aldehyde of rhodopsin, 
possibly through ‘‘loss of an enzyme or enzyme-forming system concerned with 
vitamin A-2 synthesis.”’ These results provide a clear-cut evidence of a differ- 
entiative rather than a growth response. 

The effects elicited by the nerve-growth factor differ in many significant 
respects from the above effects. The magnitude of the response far exceeds that of 
thyroxin, and, indeed, of any other hormone. The effects are apparently restricted 
to two types of nerve cells: sympathetic and sensory. Both kinds of cells, the 
sympathetic cells in a much more impressive way, remain receptive to the agent 
throughout all their life. The hypertrophic effects are not merely a reflection of an 
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accelerated maturation process: the cells attain in fact a size much larger than 
in adult life. Adult cells in turn respond to this treatment by a further size increase. 
The term ‘“‘growth factor’? seems, therefore, well justified in this instance. The 
factor is a protein and it is a normal constituent of the receptive cells. This 
is perhaps one of the most puzzling features of the whole phenomenon; together 
with the other findings, it warns against the temptation of suggesting that we are 
dealing with a hormonal effect. Levi-Montalcini concludes that the noncommitting 
term of ‘‘growth factor’? seems more appropriate at the present time. 

In electing to contrast the action of the nerve growth promoting protein 
with that of the thyroid hormone administered topically to tissues of the am- 
phibian larvae, Levi-Montalcini chose a hormone for which a role in metamorpho- 
sis has been demonstrated clearly by the classic approaches of endocrinology: 
extirpation and replacement therapy. The consequences of hypo- and hyper- 
thyroid conditions in avian and mammalian embryos are less dramatic. We are 
led, therefore, to inquire whether studies of other hormones of the developing 
embryo permit conclusions concerning mechanisms of teratogenesis. Here we 
separate, purposely, albeit artificially, fetal hormones from maternal hormones 
which might influence the fetus. 

Et. Wolff began his treatment of the subject by reminding the audience that 
the earliest stages of development are independent of the action of fetal hormones, 
the endocrine glands themselves being undifferentiated. In fact, in birds and 
mammals, differentiation and growth appear to be unaffected by fetal hormones 
until these forms approach the last third of their developmental history, except 
for the hormones of the genital tract, which begin to play a role earlier in life. 
Some forty-odd years of effort, stemming from the classic studies of the free- 
martin by Lillie and Keller and Tandler, permit the conclusion that the fetal sex 
hormones play an important role in the development of the gonad, the genital 
tract, the external genitals, and other accessory structures; hence interference with 
the functioning of the fetal gonads and their secretions, or an imbalance in pitui- 
tary and gonadal interactions, may be expected to play a teratogenic role. 

A further generalization, based on studies which may be classified properly 
as comparative fetal endocrinology, appears to be warranted: sexual determina- 
tion is more stable the higher the position of the animal in the vertebrate scale. 
Thus in amphibians, complete sex reversal is possible by the administration of 
crystalline sex hormones, by gonadal grafts, or by parabiosis of mixed pairs, in 
either direction. Complete inversions from female to male are the more common, 
but it is possible to produce the inverse transformation from male to female by 
having the female component overwhelmingly in excess. Transformations may be 
temporary or permanent, depending not only on the conditions of the experiment 
but also on the species. There is some danger in employing large doses of hormone 
in attempting to secure more lasting or profound transformations: the so-called 
paradoxical effect in which the hormones may exert effects contrary to those to be 
expected, e.g., estradiol causing masculinization of females of Rana esculenta. 

In birds, sexual inversion, male to female, is possible: depending on the 
dose of female sex hormone injected and the stage of the embryo, every degree 
of intersexuality is possible from ovotestes to typical ovaries. Such transformations 
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are unstable and reversible after hatching, despite continued hormonal treatment. 
The androgens have no masculinizing effect on female gonads. Some have para- 
doxical effects, feminizing males. 

In mammals, nature’s experiment in freemartins suggests to us that in 
these examples of ‘‘parabiosis’’ between twins of the opposite sex, the male fetus 
may secrete a hormone capable of masculinizing the female fetus. Although 
embryologists have been unable to duplicate this ‘‘experiment”’ in laboratory 
eutherian mammals, Lillie’s original explanation remains our best working hy- 
pothesis. In marsupials, Burns has succeeded in transforming testes of young 
opossums into ovotestes and ovaries by the inoculation of estradiol dipropionate. 

In all the vertebrates, differentiation of the genital tract, external genitals, 
and accessory structures is dependent, to a varying degree, on gonadal secretions. 
I shall not attempt to summarize the evidence presented by Wolff in documenting 
this conclusion, except to remind the reader that it springs largely from experi- 
ments employing the technique of embryonic castration. The conclusions of 
pioneering experiments by Jost and Raynaud, particularly, are borne out by 
findings of experiments in which genital tissues are cultivated in the presence or 
absence of gonads of the same or opposite sex, respectively. 

In view of the well-known lability of gonadal organization during the stages 
when the sex components are being laid down—differentiation being essentially 
a competitive process which may be upset by any condition which inhibits the 
dominant component—and the delicate balance which must come into play 
during the period of development of endocrine correlation, it is surprising that 
relatively few congenital defects attributable to malfunctions of sexual differ- 
entiation occur. Nor do other developing endocrine glands appear to play a major 
role in congenital defects, in view of the time during embryonic life when they 
begin to function. Their malfunctioning may be critical, but is more likely to fall 
into the range of typical endocrine disorders, amenable to substitution therapy 
and to study by other approaches. 

Numerous hormones, when administered in excess to the mother or fetus, 
may cause a spectrum of congenital malformations. The relation of findings by 
this approach to the functions of fetal hormones themselves is not understood. | 
shall take up hormones as teratogens in the section to follow. 


EXPERIMENTAL TERATOGENESIS 


Perhaps no one aspect of the field of congenital malformations has been 
reviewed more exhaustively in the past decade than experimental teratcgenesis. 
Nevertheless both F. C. Fraser and J. G. Wilson were able to bring fresh insight 
into their discussions of the use of teratogens, and to pose meaningful questions. 
Let us consider first, with Fraser, the question whether by studying the embryonic 
sequelae of alterations by teratogens we can learn something of normal develop- 
mental processes and how they go wrong. One example of several presented by 
Fraser was the production of malformations of the heart and great vessels in 
rats by trypan blue. 

Studies of these atrial and caval anomalies have indicated that they arise as a 
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consequence of early displacement of the atria chamber by an abnormal looping 
of the cardiac tube. Many of the defects resemble those seen in man. Fraser 
showed that further studies designed to observe embryos at the time the primary 
defect is postulated to occur (rather than near the end of pregnancy) are needed to 
test the hypothesis. The approach is made difficult because of the low incidence of 
the anomaly after treatment. Comparisons of high strains with high and low fre- 
quencies of susceptibility (if such exist for this specific anomaly) would be helpful. 

Fraser’s emphasis on studies at the time the primary defect is thought to 
occur may be considered in relation to Wilson’s analysis of the generalization 
that the embryologic stage at the time an agent acts determines which tissues 
are susceptible to teratogenesis. This well-known hypothesis began with Stockard’s 
argument that in fishes diverse agents caused similar defects at a given stage, the 
types of defects changing as the stage of application was changed. Wilson now 
believes, after marshalling the evidence, particularly as it relates to teratogenesis 
in mammals, that the hypothesis must be restated: teratogens become effective 
at a stage which he calls (for want of a more precise term) the beginning of dif- 
ferentiation. He believes such a distinction to be needed because of the lack of 
specific defects produced in early mammalian embryos (cleavage and germ layer 
stages): teratogens appear to have at that time an all or none effect—death or 
retardation of growth—or no effect at all. Wilson went on to state, ‘‘as differentia- 
tion begins, the embryo abruptly becomes susceptible to most teratogenic 
agents and at or soon after this time, many agents produce their highest incidence 
of malformations.”’ Susceptibility of a given embryo to teratogenesis then de- 
creases as differentiation proceeds, and the changing syndrome of malformations 
associated with an agent applied at successively later times reflects the fact that 
different organs have their most susceptible periods at different times. Wilson 
himself brought out—and the point was reiterated in the discussion by P. Weiss, 
S. Waelsch, and S. Hicks—that this restatement of the earlier concept is based 
on an imprecise term which may lead to meaningless distinctions, or attempts to 
distinguish, between undifferentiated and differentiated cells. When can dif- 
ferentiation be said to begin? What criteria does one employ? Wilson recognized 
the problem when he discussed renal anomalies that can be induced by irradiating 
rat embryos on the ninth day, the rudimentary metanephros not appearing until 
the twelfth day. It can only be said that the discussion emphasizes the need for 
studies employing precisely timed, short exposure of teratogens. 

Another meaningful question raised by Fraser concerns the value of compari- 
sons of strains having high and low frequencies of defects following exposure to a 
given teratogen, for teratogens, as J. G. Wilson has said, “‘often, if not always, 
act in a complementary fashion with the genotype of the embryo... .’’ The 
continuing study, by Fraser and his associates, of the causes of cleft palate in 
mice is instructive, for it demonstrates first a striking interstrain difference in 
susceptibility to cortisone. In mouse embryos of strain A/Jax, all of the young 
have cleft palate following maternal treatment with the agent (begun at 11 
days after insemination). In strain C57 BL/6 Jax, only 17 per cent were affected. 
In both strains the pathogenesis of cleft palate is not a breakdown of shelf tissue, 
but rather a delay in shelf movement. 
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In strain C 57 BL/6, closure of the palate begins some ten or twelve hours 
earlier than in the A/Jax strain. Other crosses between strains support the same 
conclusion, viz., that the earlier the normal palate closure, the lower the frequency 
of teratogenesis by cortisone. However, the frequency of cleft palate is not 
increased in strain C 57 BL/6 by beginning treatment earlier; thus it cannot 
be concluded that the difference is associated with only a longer period of action 
of the agent in strain A/Jax. Fraser advances, as a tentative explanation, ‘‘the 
force that builds up in the shelves, and eventually enables them to push their 
way above the tongue, builds up more effectively in C 57 BL/6, and that this is 
reflected in an earlier time of palate closure and in a greater resistance to the 
effects of cortisone,’ and indicates that the search is being continued in a study 
of the distribution of acid mucropolysaccharide content. 

The maternal genotype also is important in determining the effectiveness of 
cortisone as a teratogen. Embryos from A/Jax mothers crossed to C 57 BL fathers 
had a higher frequency of induced cleft palate than genetically similar embryos 
from the cross A/Jax male to C 57 BL female. Again the difference was related 
to time of palate closure. 

Before concluding this discussion of cleft palate, it may be well to emphasize 
that this defect may arise in other ways; by amniotic puncture, in mice develop- 
ing in a maternal environment deficient in pteroylglutamic acid, and in mice 
homozygous for the urogenital gene. Fraser found it helpful to think of palate 
closure defects as examples of Griineberg’s concept of quasicontinuous variation, 
a continuous distribution separated by a threshold (in this instance the stage 
after which it is too late for the palatine shelves to meet) into two separate 
groups. Cortisone increases the frequency of cleft palate by delaying shelf move- 
ment, amniotic puncture does it by increasing tongue resistance, and narrow 
shelves or a wide head alter the threshold in the opposite direction. 

We have been dealing with agents which although damaging to the embryo 
are relatively harmless to the mother. Although mothers are not always spared, 
J. G. Wilson concluded that, on the whole, agents which damage the embryo 
affect the mother hardly at all. Another generalization, documented by him 
in detail, holds that intrauterine mortality tends to vary directly with the rate 
of malformations. Often death and deformity occur together and respond to 
teratogens in such a way as to suggest a common cause. Undoubtedly some mal- 
formations themselves cause death in utero; this fact, however, does not rule 
out the likelihood that some of the increased mortality is unrelated to congenital 
defects. 

Finally, let us project the discussion into the future by considering the use 
of teratogens as specific tools in analyzing the metabolic events underlying normal 
development, hence also teratogenesis. Both Fraser and J. G. Wilson emphasized 
the compelling need for studies employing precisely timed, short exposure of 
embryos to specific metabolic antagonists. Each man posed a series of interesting 
questions related to the effects of insulin on developing systems, which emphasize 
the difficulties arising from the use of agents of which the metabolic roles are not 
defined clearly with reference to the stage and system being examined. For 
example, insulin protects rats against the teratogenic effects of cortisone on the 
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central nervous system, whereas in mice it appears to potentiate the teratogenicity 


of cortisone on the palate. 
In the chick, the teratogenic effects of insulin appear to be mediated via 


two different pathways. During early stages, rumplessness is a frequent result 
of insulin treatment. The simultaneous administration of pyruvic acid is pro- 
tective, preventing the defect. Later, when micromelia and beak defects are 
produced, pyruvic acid is ineffective, but nicotinamide (ineffective earlier) now 


becomes a suitable preventive measure. 

These intriguing observations are difficult to assess. This type of finding, 
however, coupled with the increasing availability of potent and specific anti- 
metabolites for numerous biologically active substances, holds much promise, 
provided we do not underestimate the complexity of the problem. It is already 
clear that similar patterns of defects are sometimes produced by chemically 
different agents: do such similarities indicate relatedness in pathways of action? 
On the other hand, compounds closely related chemically and biologically do 
not always produce identical malformations, both qualitative and quantitative 
differences being observed. And finally, the effectiveness and apparent specificity 
of an antimetabolite may vary with its ‘‘port of entry’; e.g., antimycin A, when 
presented to the chick embryo via the hypoblast, brings about a syndrome of 
mesodermal deficiencies; when it reaches the embryo through the ectoderm, 
the defects are centered in the nervous system as demonstrated in a study by 


McKenzie and Ebert. 


MATERNAL-FETAL INTERACTIONS 


In the foregoing section we raised the question of the importance of interac- 
tions of the fetus and mother when we considered the evidence that in the mouse 
the maternal genotype, as well as that of the embryo, is important in determining 
the embryo’s reaction to cortisone. We may now explore this question further, 
drawing largely on the provocative article by A. McLaren. ‘‘For all we know,” 
she wrote, ‘“‘every character in the mammalian organism may be under the in- 
fluence of the maternal environment. It is only when the influence shows variation 
that we can recognize a maternal effect, and investigate it.”’ 

McLaren began by establishing for the purpose of discussion two major 
classes of maternal effects, those which depend on variation in the mother’s 
environment and those which depend on variations in the mother’s genetic 
constitution. 

How does one determine whether a given agent is acting directly on the 
embryo or indirectly via a change in the mother’s physiology? Most teratogens 
are effective only if applied after implantation, hence often it is impossible to 
answer this question. However, McLaren discussed an interesting exception: 
Shah found that if female rabbits are exposed to a high temperature for six days 
after mating, many of their embryos die later in gestation. If such embryos are 
transferred before implantation to the uteri of rabbits kept at a normal tempera- 
ture, they survive. Reciprocal experiments, transferring embryos from normal 
mothers to uteri of heated females, bear out the conclusion that the high tempera- 
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ture does not exert an adverse effect directly on the embryo, but only via the 
mother. 

McLaren discusses other examples of maternal effects, laying emphasis on 
two categories: (1) those which vary with age or parity, and (2) those which 
result from active or passive immunization of the mother. I have considered the 
effect of maternal age in an earlier section; maternal immunization and the im- 
portant question of protein transfer and selection will be discussed together 
shortly. Before this is done, however, attention should be paid to McLaren’s 
second category, those defects which depend on variations in the mother’s 
genetic constitution. A word is inorder about techniques for analyzing maternal 
effects. McLaren again establishes classifications of maternal effects, this time 
related to the stage at which the mother exerts her influence. All prefertilization 
effects she terms ‘‘cytoplasmic’”’ (without prejudice to nucleocytoplasmic in- 
teractions); all gestational effects, ‘‘uterine’’; all postnatal effects (lactation), 
‘“‘milk.’”’ The relevant techniques are cross-fostering, transfer of embryos, transfer 
of unfertilized eggs, and transfer of ovaries; their use was illustrated by McLaren 
as follows: 

“Let us imagine a maternal effect such that the offspring of a female of type 
A are characteristically different from the offspring of a female of type B.. . 
suppose that we have no indication as to what type of maternal effect is involved. 
If we cross-foster by exchanging offspring between A and B females at birth, 
a positive result will establish a milk effect, but if the young do not respond, 
we cannot distinguish between a uterine and a cytoplasmic effect. Transfer of 


unfertilized eggs will discriminate between a uterine effect . . . and a cytoplasmic 
effect .. .. Transfer of early embryos will achieve the same discrimination except 
that it cannot unequivocally establish a cytoplasmic effect . . ..In the case of 
ovarian transplantation, if the young from the grafted ovary resemble young of 
the donor strain, we may be confident that the effect is a cytoplasmic one, and 
moreover one which is not influenced by the altered biological environment to 
which the grafted ovary has been exposed. But if the young are affected by the 


” 


treatment, we cannot assert that the effect must be a uterine or a milk one.. .. 

Much has been done along these lines for maternal effects which vary with 
the mother’s genetic constitution; McLaren cites a number of examples, largely 
those so well known that we need only enumerate them: birth weight, number 
of lumbar vertebrae, susceptibility to cortisone (described earlier), reciprocal 
differences in viability, fertility, physiology, and hemolytic disease of the newborn. 

Finally, McLaren considers the differences between reciprocal F; progenies 
of mice in cancer susceptibility; the ‘“‘milk factor’? serves as her principal ex- 
ample. The responsible agent is transmitted via the milk, and the transmission 
of the milk factor from a mother to her young depends not on the genetic con- 
stitution of the mother but on the type of environment which her mother provided 
for her. McLaren concludes that the mammals appear to have open to them an 
alternative pathway of inheritance, a “somatic, maternal, non-chromosomal 
pathway.” 

In concluding this section I turn to the questions of immunization of the 
mother, protein (antibody) transfer to the fetus, and the possible implications 
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for teratogenesis. A critical analysis of the question whether immunologic mech- 
anisms play a role in producing congenital defects in man (or other animals) 
presupposes satisfactory answers to two major questions: (1) can antibody 
(or other immune mechanisms) be transferred from mother to young; and (2) 
if antibodies can be transferred, what antigenic stimuli are capable of evoking 
antibodies which have a deleterious effect on the embryo? 

The answer to the first of these questions is clear; transfer of antibody from 
mother to young was demonstrated first by Ehrlich in the mouse. In his review 
of the phenomenon, Hemmings points out that it is common, perhaps universal, 
among mammals. He emphasizes the importance of the transfer in securing sur- 
vival of the young against pathogenic affront immediately after birth (and possibly 
in fetal nutrition). Where an isoantibody is transferred, serious disorder may 
result. 

Hemmings is concerned, however, not so much with the consequences of 
transfer, but with mechanisms of transfer. His paper is so concise and closely 
argued that it almost defies summarization; it is, in effect, a superbly written 
summary in itself. At this time, therefore, I can do little more than enumerate 
the principal arguments: (1) the location and time of transfer of protein vary in 
different species: in ungulates, the small intestine, for a brief period after birth; 
in rabbits and guinea pigs, the yolk sac splanchnopleure, before birth; in the 
rhesus monkey, the allantochorionic placenta, before birth. Presumably man falls 
into the latter category. (2) It must not be assumed that the mechanism of 
transfer is similar in all cases; yet active transport appears to be involved in all. 
(3) In some forms, e.g., ungulates, antibody appears to be passed directly into the 
circulation, as though the cell operates as a pump; in others, like the rabbit, a more 
complex model is required to explain the molecular separation that is achieved. 
(4) The evidence indicates that the endoderm cells are the effective agents in 
setting up the differential separation. (5) The endoderm cell behaves in a widely 
varying manner according to the molecular structure of the protein entering it. 

Even from this presentation of the highlights of Hemmings’ discussion it is 
clear that our first question is answered positively. What of the second? We have 
mentioned the blood group isoantibodies, evoked in response to the antigenic 
stimulus of fetal red blood cells. Are there other antigens, of earlier developmental 
stages, reaching the mother, there to evoke antibodies which may in turn affect 
the fetus? 

Earlier we discussed what is perhaps the most dramatic effect of an antibody 
on cells yet described: the daily injection for a period of 8 days in a variety 
of newborn mammals of an antiserum to a protein with specific nerve-growth 
stimulating properties results in the disappearance of up to 99 per cent of the 
sympathetic nerve cells. Yet the mechanism of action—whether the antibody 
combines with and inactivates a growth-stimulating factor normally present in 
the circulation, or whether it exerts a cytotoxic effect by combining with the 
antigen in or on the surface of nerve cells—is unknown. Nor is the mechanism 
of action of any “‘cytotoxic’’ antiserum understood. Equally obscure are the 
mechanisms of what we call, for want of more precise information, cellular immune 
reactions, reactions mediated by cells, e.g., the homograft reaction. 
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But although we do not understand these reactions fully we should not lose 
sight of the fact that they may be reactions to be reckoned with in studies of 
congenital malformations. Antibodies and cell mediated reactions are more than 
experimental tools of the embryologist; they may be teratogenic agents in man. 
At the Conference I emphasized only two of the principal arguments which 
may prove to be of heuristic value; they spring from convergence of several 
disciplines. One of these arguments, stated earlier by Bardawil and Toy, was 
discussed at length at the Conference by L. Thomas. The problem was put 
succinctly by Bardawil and Toy in the following way: 

“The placenta and fetus occupy a unique position in the genetic cosmos of 
the mother, since they arise in part from her own tissues, and, in part, from those 
of the father. Thus, every pregnant woman carries within her uterus a genotypic- 
ally distinct biological entity and, hence, a potential if not actual foreign body. 
It is reasonable to wonder whether fetal or placental constituents, whether 
normal or pathological, might not function as a sustained antigenic stimulus, 
leading sooner or later to the production of one or more antibodies in the maternal 
reticuloendothelial system. Reflex localizations of such antibodies . . . might 
be expressed in a variety of disease syndromes attributable to autosensitization.”’ 

The second argument raised by Ebert stems also from a consideration of 
autoimmunization. It is not uncommon to find that an autoimmune disorder 
may stem, or at least receive added impetus, from an infection, likened by some 
to a ‘natural adjuvant,” analogous to the adjuvant employed in producing 
autoimmune reactions like induced aspermatogenesis. Perhaps we should inquire 
whether congenital malformations may be associated indirectly with infections, 
the infectious agent serving only as an ‘‘adjuvant’”’ in eliciting an autoimmune 
reaction. Serious autoimmune disorders in the adult are the exception, rather 
than the rule, but at present we have no way of estimating—in fact we have not 
considered—the effect on the embryo of what in the adult is a subthreshold 
cytotoxic reaction. The teratogenic effects of infectious agents may be a con- 
sequence not of infection of the embryo, but rather of their role in augmenting 
maternal immune reactions against either embryonic or maternal antigens. 
We may speculate further that to be most effective as teratogens (or at least to 
explain the syndromes of malformations commonly described) the antibodies 
should be directed, not against highly specific antigens, but against common 
antigens. If we are to conclude, as J. G. Wilson has earlier, that the ultimate 
action of all teratogens seems to be to produce either cell death or an alteration 
in the rate of mitosis, then we might center our attention on antigens of the 
nucleus or the mitotic apparatus. It is not clear whether nucleic acids (either 
DNA or RNA) and nucleoproteins are antigenic. Evidence for the production 
of circulating, precipitating antibodies under conventional experimental condi- 
tions remains unconvincing. On the other hand, and possibly more pertinent to 
this discussion, there is well-documented evidence that the sera of patients 
with systemic lupus erythematosus contain an antibody-like substance capable 
of reacting with highly purified DNA. The evidence favors the view that the 
precipitating factor represents an antibody to DNA, and that it is one of several 
autoantibodies elicited in the disease. The mitotic apparatus of the sea urchin 
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is antigenic but whether effective antigens are present in the mitotic apparatus 
of other organisms is unknown. 

It is not clear, however, on what grounds Wilson has excluded from his 
consideration of the ‘‘ultimate action’’ of teratogens effects on cell surfaces, 
which might result in fundamental alterations in patterns of morphogenesis. 
If we are to consider the cell surface as a likely target for at least some teratogens, 
then it would not be remiss to include in our sights the antigens of cell surfaces, 
possibly stressing the lipoproteins. 

Thomas, drawing not only on the earlier studies of others, but also on his 
own recent investigations, directed his remarks toward resolving the question 
whether the migration of trophoblast into the intervillous space, and thence to 
the maternal blood stream, occurs as a normal and regular event in pregnancy. 
Only the principal findings can be summarized: (1) When blood is obtained at 
laparotomy or cesarean section from the uterine veins of pregnant women 
(eighteenth week to term), extremely large, multinucleated cells with the morph- 
ologic appearance of syncytial trophoblast may be identified readily by smear 
techniques in the majority of patients. They appear to be more numerous early 
in pregnancy. In two patients these cells were observed in blood drawn from the 
inferior vena cava. 

In view of the number and the large size of cells observed, they would 
occlude the capillary bed of the mother’s lungs if they were not destroyed readily. 
W. W. Park asked, ‘‘What is the average life of these cells?’’ ‘What mechanism 
exists for their destruction?’’ Thomas has no direct evidence. He has found, 
however, that the syncytial trophoblast cells are uniquely vulnerable to pro- 


teolytic enzymes, trypsin and chymotrypsin, and extrapolates this finding to 


suggest that proteolysis in vivo may be the mechanism of destruction. Thomas 
also commented briefly on his own attempts to cultivate trophoblast in vitro, 
citing preliminary findings in which the unidentified ‘‘single nucleated cells” 
remaining after trypsinization of 12- to 16-week human placental homogenates 
multiplied and formed large numbers of spindle-shaped cells, which later became 
multinucleated, syncytial cells. Once these cells were formed, growth ceased. 

If the trophoblast does contain antigens distinct from those of the mother, 
then we must explain not only the occasional abnormal situation which might 
result from an immune reaction directed toward the trophoblast, but also the 
rarity of those reactions. Thomas suggests that the migration of trophoblast 


‘ 


might play a role in maintaining a state of desensitization, by ‘‘exposing the 
mother to a constant excess of fetal antigen.’’ Yet both W. W. Park and R. R. A. 
Coombs asked the same crucial question: Is it not more important first to explain 
the sensitization of the mother? How is the mother sensitized initially in the 
first few critical days? 

The importance of studies of the trophoblast, by whatever techniques can 
be brought to bear, is underscored by the study by D. G. McKay and A. T. 
Hertig of fetal wastage associated with placental insufficiency. McKay and Hertig 
wrote, ‘Evidence of an inadequate trophoblast or insufficiency of the placenta 
can be observed in a variety of abnormal processes throughout the entire nine 
months of gestation .. . the majority are associated with the death of the embryo 
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.. rather than with congenital malformations. The abnormalities of the placenta 
in the early stages of human pregnancy represent congenital malformation of the 
trophoblast.’ After presenting figures on embryonic mortality in several species 
of mammals, Mckay and Hertig analyzed the notable contributions of Hertig 
and Rock to our understanding of abnormalities in early human development. 
The cause of most abnormal pregnancies remains unknown. A number of them 
are associated with trophoblastic insufficiency. Evidence of inadequate tropho- 
blast obtained in studies of some of the youngest human ova yet recovered was 
presented: four abnormal segmenting human ova, found free in the uterine 
cavity, are characterized by varying degrees of abnormality manifest by the 
presence of multiple nuclei, pyknotic nuclei, cellular necrosis, and atypical size of 
the ovum. One specimen taken in an early stage of implantation showed a defec- 
tive trophoblastic shell with absence of the cytotrophoblast in addition to absence 
of the embryo in the chorionic cavity. 


HOMEOSTASIS OF THE FETUS 

It is commonly held that the mammalian fetus enjoys but a small margin 
of safety with respect to its oxygen supply, a view developed some thirty years 
age by Anselmino and Hoffman, Barcroft, and Eastman. D. H. Barron reviewed 
the evidence for this statement, beginning with Eastman’s observation of high 
content of hemoglobin and low oxygen saturation of cord bloods sampled from 
infants at delivery which led to the inference that the blood of the fetus is exposed 
during arteriolization in the placenta to a low oxygen pressure (as in a moun- 
taineer’s lungs). Barron listed a number of observations which served to support 
this argument: (1) The oxygen dissociation curves of the fetal blood in each 
mammal studied have a higher oxygen affinity than that of the maternal. (2) 
The oxygen tension in the fetal placental capillaries appears to be low in all 
species studied. (3) In most species the transplacental oxygen gradient is high 
compared with that across the pulmonary epithelium. 

All of these lines of evidence point indirectly to a low permeability of the 
placental barrier as the factor responsible for the low oxygen tension in the fetal 
blood, and to the inference that the fetus is adapted to a condition which it 
cannot regulate. 

But is the argument convincing? Barron believes not; he skillfully docu- 
mented other lines of evidence indicating that the fetus and its membranes are 
not ‘‘victims”’ of their environment; on the contrary, they exercise some regulatory 
control over the rate of blood flow. It is suggested that the blood flow to the uterus 
does increase as gestation advances in parallel with the tissue mass and less 
closely with the oxygen requirements because of the tendency for the oxygen 
capacity of the blood to increase in the last trimester of pregnancy. The mechan- 
isms by which this parallelism is achieved probably involve ‘‘growth regulating 
hormones of placental origin,” for acute changes in the concentrations of the 


respiratory gases in the maternal blood do not appear to affect flow rate on the 

maternal side of the placenta, though a chronic change in their levels does. 
Barron states that the rate at which oxygen reaches the maternal side of the 

placenta does not appear to be regulated to maintain the gas tension in the 
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maternal placental capillaries at a specific level; yet there is evidence that per- 
fusion of the fetal side of the placenta is so regulated. Anatomic features do not 
appear to fix the transplacental oxygen tension gradient; it appears to be regulated 


functionally. 

Barron concludes: ‘‘These observations suggest that the oxygen tension in the 
fetal blood is held fairly constant and at a low level; a level which appears to be 
quite similar in all mammalian fetuses studied thus far. And the magnitude 
of transplacental oxygen pressure gradient thus appears to vary directly with 
mean oxygen pressure in the maternal placental capillaries. We are confronted 
by evidence indicating that the fetus maintains the oxygen tension in its blood 
at a low level; that it is not a victim of its environment as the analogy between 
life at altitude and in utero would suggest. Why the fetus elects, as it appears 
to do, to develop in a low oxygen tension rather than the higher level character- 
istic of its adult life provides ample scope for speculation and investigation.” 


CONGENITAL ANOMALIES IN MODERN CLINICAL MEDICINE 


It was entirely fitting that the theme of the First International Conference 
on Congenital Malformations was the search for the mechanisms underlying 
these anomalies. Yet it was equally appropriate that attention be paid to the 
current problems of the malformed: How can we aid them? How can we cope 
with their long-continued care? This assignment fell to James L. Wilson, whose 
moving and thoughtful presentation was followed, a day later, by another in the 
same vein by Robert Debré. 

The problem of the care of malformed children is increasing: mortality and 
morbidity from other diseases has been reduced greatly and the character of 
hospital practice is changing to cope with new demands not only for saving but 
also for treating effectively the congenitally defective. Parents—all of us— 
now expect more of our physicians. Moreover, advances in handling infections 
and nutritional diseases have resulted in a greatly increased survival of the 
malformed. 

I shall not list here those anatomic malformations for which we have some 
form of treatment; they range from the astonishing and dramatic successes 
of the surgeon in repairing congenital abnormalities of the heart and great vessels 
to the relatively effective measures for handling cleft palate to the limited success 
in treating meningocele and meningomyelocele. 

The ‘‘scale”’ is similar for treatment of molecular diseases; early recognition 
of some can lead to effective therapy; in others, although we can modify the 
disease if it is recognized early in life, the cost and problems of administration 
make the extension of the advance to more than a few a formidable task. 

“In the rapid progress of ameliorative procedures, life saving in nature,” 
wrote Wilson, ‘“‘we build up for ourselves other problems which we must clearly 
face, which are going to demand perhaps far greater total expense than the original 
problem. A life saved by early treatment may well be still a handicapped life. 
It cannot be over-emphasized that the care of many patients in what is so glibly 
referred to as a multi-disciplinary approach, can be remarkably effective, but 


bor aly CONGENITAL MALFORMATIONS 127 


often the multi-disciplinary approach fails because no one person continues to 
be the family doctor-advisor and follows the patient over the years while the 
specialists, the neurosurgeon, thoracic surgeon, the neurologist, physiotherapist, 
the metabolism expert, all are cooperating wisely and effectively in the emergency 
of early treatment. To treat meningoencephalocele successfully at the moment, 
but leaving the child with paralyzed legs, offers a lifetime problem for which 
someone must assume continuous medical responsibility. Not only must such 
individuals be protected from emotional disturbances but they must be specially 
educated. The family must be prepared by very wise and thoughtful advice 
and guidance over many years. What can be an unhappier result than that of a 
persistent fecal incontinence found in a 12 year old girl, whose life at birth was 
victoriously saved from the results of an imperforate anus, but whose anal 
sphincter, if it ever existed, was lost in the life saving operation. Who is the one 
to follow such an individual over the years after surgical procedures are exhausted 
to aid the parents and school teachers to allow that child to live a normal life 
and avoid the severe psychological harm that usually occurs. The handicapped 
child, life successfully saved, may well hate us in the future as it faces the com- 
petitions of life when the adolescent and adult pressures begin to weigh upon it.” 

We are now, and increasingly shall be, faced with more and more children 
who in past years would not have survived, but who do now, with great 
handicaps, requiring long-continued care, with the greatest of skills, including 
those of psychology. We must expect the burdens of partial medical success 
to be distressing. 


PERSPECTIVES 


Genetic Control of the Stability of Development.—A reader unfamiliar with the 
field of experimental embryology might conclude from this account that the 
processes of development are highly unstable. Yet C. H. Waddington began his 
discussion of the stability of development by reminding the audience that one 
of the most striking features of those processes is their resistance to the action 
of agents which might tend to disturb the normal course of events. We speak 


commonly of the ‘‘regulative’’ capacity of the embryo, its stability. Waddington 


prefers to use the expression, ‘‘canalization of development,’ which differs 
from stability in that it includes the element of progressive change along a given 
pathway and the ability to get back into that pathway if it should be diverted. 
Congenital malformations are the consequence of failures to remain within the 
circumscribed pathway. Some periods in development, i.e., certain “‘points”’ 
along this path, are more likely targets for the production of abnormalities. These 
sensitive stages (‘‘epigenetic crises’’) have, in Waddington’s opinion, two aspects, 
physical and chemical. As we learn more about the molecular events leading to 
malformation, this distinction may not be meaningful, but for the moment it is a 
useful classification. By physical Waddington means processes like morphogenetic 
movements, e.g., invagination, which are highly susceptible to interference. 


Abnormalities may have profound consequences, by derangement of mutual 


relations between inducing and reacting tissues or by disturbance of circulation 
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and body conformation. Physical movements may be disturbed even when the 
cells remain viable. 

Chemical sensitivity is more marked in connection with intracellular rather 
than intercellular processes. Such interferences also may result in inhibition of 
cell movements; however, the chemical interactions between tissues seem rarely 
to be disturbed. When embryos are not undergoing any epigenetic crisis, one 
may expect to obtain specific tissue inhibitions by teratogens. 

In the course of illustrating these points by considering the effects of cyto- 
toxic agents, amino acid and purine analogues, and aminophenyl derivatives 
of nitrogen mustard, and of generally acting deleterious agents, such as_ boric 
acid, Waddington introduced evidence of genetically controlled differences in 
reaction, reenforcing the earlier arguments of Fraser and Landauer. Perhaps 
the best evidence of the genetic control of canalization has emerged from experi- 
ments with Drosophila melanogaster. For example, Waddington and his associates 
have been able to develop, by selection, strains that are highly sensitive to a given 
teratogen (high temperature), which produces abnormalities in wing venation, 
and conversely, highly resistant strains as well. This control is highly specific; 
consequently the type of abnormality that occurs spontaneously in a population 
corresponds to the type for which the population has been selected. Different 
populations containing different gene pools will tend to produce different patterns 
of abnormalities. 

This specificity also tends to argue against Lerner’s attractive hypothesis 
that heterozygosity should reduce the appearance of spontaneous abnormalities. 
Many heterozygous genotypes do produce well-canalized developmental! histories. 
But, as Waddington makes clear, the genetic systems involved often are more 
specific than mere heterozygosity. He cites his own success in reducing the sen- 
sitivity of a mutant strain of Drosophila melanogaster (Bar) to changes in tempera- 
ture by six generations of brother to sister matings: a reduction in heterozygosity. 
It appears, then, that the only genetic means we now have to improve the stability 
of development is to exercise selection against specific stresses, a procedure 
hardly applicable to man. 

Molecular Aspects of Congenital Malformations.—In their discussions of 
congenital malformations from the viewpoint of molecular biology, E. L. Tatum 
and J. D. Ebert held that it is now our obligation to remove the limitation im- 


posed by using the term ‘“‘congenital malformation” to denote only gross anatomic 
abnormalities present at birth, thus attempting to dissociate structural from 
cellular and molecular abnormalities, a limitation which may impede seriously 
advances in understanding. For, they asked, are we not agreed that anatomic 


abnormalities are but an expression of abnormalities of structure, or association, 
or interaction of molecules? It will be profitable to study molecular abnormalities 
detected in any organism from virus to man. 

Tatum marshalled the evidence bearing on the following premises on which 
future investigations may be based: (1) the intrinsic genetic complement of every 
organism is the ultimate determiner of its every character, from biochemical 
to morphologic, subcellular to organismic; (2) development involves an orderly, 
sequential expression of the genetic potentialities; (3) this orderly chronological 
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expression is the consequence of interplay between the genome and cellular or 
extracellular environment; (4) the individual members of the genetic complement 
involved in differentiation are not acting differently qualitatively from other 
genes, but all genes exert their directive control of a cell or organism at a primary 
molecular level, that is, by controlling the synthesis of enzymes and other proteins. 

His presentation was centered on the molecular level of events, summarizing 
the state of our knowledge of gene function in relation to enzyme synthesis and 
metabolism, and of the regulation and integration of the metabolic functioning 
of the primary gene products, the enzymes. We may ask, what broad, general 
principles can be formulated, and to what extent they have been or can be applied 
to the problems of human genetics and development. 

Perhaps the closest approach to correlating specific base pair sequences 
in the DNA molecule and amino acid sequence in a specific protein is via the 
functional and recombinational analysis of the fine structure of genetic loci, 
particularly in bacterial viruses and in microorganisms in which the smallest 
definable genetic unit of DNA is apparently of the order of a few base pairs. 

Another striking finding supporting the basic hypothesis is, of course, the 
change in only one amino acid in sickle cell hemoglobin in man. Unfortunately, 
because of the lack of techniques for separating an individual DNA molecular 
species, or of adequate methods of establishing base sequences, in no instance 
as yet has it been possible to correlate this sequence with protein amino acid 
sequence. 

Other illustrations of the various classes of effects of gene mutation on pro- 
teins in man were cited: branching enzymes in glycogen storage disease, tyro- 
sinase in albinism, catalase in acatalasemia, gamma globulin in agammaglobu- 
linemia, serum albumin in analbuminemia, the blood clotting factor V and anti- 
hemophilic globulin in hemophilia, and the specific transferase in galactosemia. 
In all these cases, according to Tatum, as in microorganisms, the absence of 
the specific protein is associated with a single recessive gene, and in some in- 
stances the heterozygous condition is intermediate. So far, the deficiencies of 
only the plasma proteins can be compensated for by direct replacement. 

Tatum illustrated alteration of protein structure associated with genetic 
change by abnormal serum cholinesterase, in which the alteration is so far 
definable only as a change in substrate affinity and by hemoglobins S, C, and G, 
in which single amino acid changes from the normal hemoglobin A have been 
demonstrated, apparently as the consequence of mutation at two distinguishable 
genetic loci. The difficulty of reconciling the control of adjacent amino acids in 
hemoglobins C and G by two apparently nonallelic genes with the proposed 
1:1 relationship of gene and protein structure may be more apparent than real. 
More information on the biosynthesis of the hemoglobin molecule is needed, 
since the two loci may be concerned in a manner analogous to that of the two 


separate loci governing the adult and fetal hemoglobins, or analogous to that 


of the two loci controlling tryptophane synthetase in bacteria. 

How often is the primary defect in a given congenital malformation observed 
as an anatomic change, enzymatic? Tatum believes that it is not unrealistic to 
expect the eventual identification of the critical primary defect in many cases 
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as enzymatic, citing the possibility that many apparently unrelated abnormalities 
in skeletal development may be attributed to a drastically lowered serum 
phosphatase level in hereditary hypophosphatasia. A great deal more will have to 
be known than at present about the functioning of enzymatic processes in develop- 
ment, particularly in relation to structure, before a critical evaluation of the 


basic premises can be made. 

Another molecular aspect of the relation of gene to protein discussed by 
Tatum and Ebert, was that of the probable intermediary role played by RNA 
or ribonucleoprotein. In the light of current ideas regarding the specific roles 
of organized RNA in ribosomes and soluble RNA in bringing about the lining 
up of activated amino acids and their sequential ordering in protein, it would 
seem reasonable that RNA should possess a specificity homologous to that of 
DNA. In confirmation of this point we need only cite the evidence that purified 
RNA carries the genetic information of many viruses, including tobacco mosaic 
virus (TMV), and that presumed molecular alterations in TMV nucleic acid, 
as in nitrous acid induced mutations, may result in changes in amino acid sequence 
in the virus protein. 

That RNA or RNA protein, by virtue of these properties and functions, 
and the probable relationship of RNA to DNA might be concerned in gene 
activity as expressed in development also seems reasonable. In this regard the 
recent results of Ebert and Niu were cited, indicating that RNA protein or RNA 
is specifically involved in embryologic differentiation. 

Next, attention was paid to the question whether development involves 
regulation of enzyme synthesis and enzyme activity, leaning heavily on recent 
concepts of enzyme induction and repression. 

From the standpoint of differentiation any number of types of regulatory 
systems may be involved in the ultimate expression of the genic potentialities 
of an organism. Actually, the requisite flexibility and delicacy of control needed 
may demand the simultaneous and interwoven involvement of several systems 
(probably of others yet to be discovered). For example, the accumulation of an 
intermediate substrate as the result of mutational change, may be sequential 
‘“‘autoinduction,”’ lead to the synthesis of an entire set of new enzymes involved 
in the metabolism of that substrate. A similar consequence might follow any 
type of feed-back regulation. 

Tatum’s consideration of regulatory feed-back mechanisms led him to 
consider next the effects of particular molecules which may accumulate in a 
cell or organism as the result of metabolic interference. These molecules per se 
appear to affect metabolism and development, probably via feed-back and other 
regulatory mechanisms. In hereditary galactosemia, for example, the accumula- 
tion of galactose and galactose-1-phosphate appears to be at least partially 
responsible for the variety of developmental consequences typical of this condi- 
tion. In hereditary phenylpyruvic oligophrenia, phenylpyruvic acid, which is 
accumulated in abnormal concentrations, itself appears similarly to be responsible 
for the pleiotrophic developmental effects observed. In both instances, some 
alleviation of the typical symptoms can apparently be achieved by removing or 
drastically lowering the dietary intake of the precursor molecule, either phenyla- 
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lanine or lactose. It seems probable that with increasing knowledge of the primary 
metabolic defect in other conditions, some will prove susceptible to similar 
therapy. The most immediately available therapeutic measures essentially 
consist of compensating for the defect in the genetic material or its metabolic 
consequences by replacement of an essential missing material, either a particular 
metabolic product or a protein, or by preventing the overproduction of an un- 
desirable compound by one means or another. 

Tatum’s concluding remarks serve as a fitting conclusion to this summary: 

“Looking still further into the future, however, we may speculate on the 
inherently more satisfactory possibilities of replacing defective genetic material. 
If the immunological difficulties now preventing it can be overcome, cell or tissue 
transplantation may be possible as a means of introducing normally functioning 
genetic material into an organism. Another alternative, admittedly even more 
speculative, would be to replace, in an individual’s own cells, perhaps in tissue 
culture, the defective gene by another, followed by reimplantation. This re- 
placement might be by mechanisms analogous to transformation, somatic 
recombination, or transduction, processes by which DNA can now be transferred 
successfully from one individual cell to another in microorganisms. 

“With increased knowledge of DNA structure and of the mechanism of gene 
mutation, it may prove possible predictably to alter and improve genes within a 
living cell by a process of controlled or directed mutation. Beginnings have 
already been made in this direction by the use of nucleic acid base analogues as 
mutagens, and by the conversion of one base to another as proposed for the 
mutagenic action of nitrous acid on tobacco mosaic virus. 

“With detailed knowledge of the properties of nucleic acid it may be possible 
to reconstitute better genes from mixtures of dissociated single stranded DNA 
as in the recent experiments of Doty et al. with bacterial DNA. It may even be 
possible to synthesize DNA in vitro by enzymatic procedures such as those of 
Kornberg and then to incorporate it into cells as desired. 

“Finally, with increased knowledge of the finer details of DNA and protein 
structure and of the code relating one to the other, it may eventually be possible 
to synthesize better DNA and genes and hence proteins and other enzymes to 
order. This would be the ultimate in ‘biological engineering.’”’ 

The official Proceedings of the First International Conference on Congenital Malformations 
will be published by J. B. Lippincott Company, Philadelphia. The following articles, summarized 
in the foregoing pages, will be included: 

Barron, D. H.: Homeostasis of the Foetus 

Corner, G. W.: Congenital Malformations: the Problem and the Task 

Court-Brown, W. M.: Sex Chromosome Abnormalities 

Debré, R.: Medical Problems, Psychological and Social 

Ebert, J. D.: Antibodies, Viruses and Embryos 

Erhardt, C. L.: Epidemiological and Statistical Pitfalls in Investigations of Etiology 

Fraser, F. C.: The Use of Teratogens in the Analysis of Abnormal Developmental Mechanisms 

Hemmings, W. A.: Protein Transfer and Selection 

Lamy, M., and Frézal, J.: The Frequency of Congenital Malformations 

Landauer, W.: The Interplay of Intrinsic and Extrinsic Factors in the Origin of ‘Congenital 


Malformations 


a J. Chron. Dis. 
EBERT February, 1961 


Levi-Montalcini, R.: Nerve Growth Controlling Factors 

Markert, C. L.: Nucleocytoplasmic Interactions During Development 

McKay, D. G., and Hertig, A. T.: Fetal Wastage Associated With Placental Insufficiency 
McKeown, T.: Sources of Variation in the Incidence of Malformations 

McLaren, A.: Maternal Effects in Mammals and Their Experimental Analysis 
Nachtsheim, H.: The Interaction Between Genes and Environment in Development 

Neel, J. V.: Some Genetic Aspects of Congenital Defect 

Penrose, L. S.: Future Possibilities in the Genetical Study of Congenital Malformations 
Rhodes, A. J.: Virus Infections and Congenital Malformations 

Tatum, E. L.: Some Molecular Aspects of Congenital Malformations 

: Studies on Syncytial Trophoblast of Human Placenta 


Thomas, L. 
X., and Lejeune, J.: Congenital Human Anomalies due to Chromosome Aberrations 


Turpin, | 


Waddington, C. H.: Genetic Control of the Stability of Dey elopment 


Walker, J.: Anencephaly in Dundee 

Warkany, J.: Environmental Teratogenic Factors 

‘Wilson, J. G.: General Principles in Experimental Teratology 
Wilson, J. L.: Congenital Anomalies in Modern Clinical Medicine 
Wolff, Et.: Foetal Hormones and Morphogenesis 

Zwilling, E.: Inductive Mechanisms 
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ADRENERGIC BLOCKING AGENTS IN THE 
TREATMENT OF HYPERTENSION 


From the Division of Clinical Pharmacology, Depart- 
FREDERICK W. Wotrr, M.D. ment of Medicine, Johns Hopkins University School 
of Medicine 
BALTimorE, Mp. papi 
(Received for publication Sept. 28, 1960) 


HE PROPERTY of preventing the effects of adrenergic nerve stimulation 

but not those of injected catecholamines is shown by choline 2:6 xylyl 
ether (TM 10) described by Hey and Willey,'! and was further investigated by 
Bain and Fielden,? and Exley.* Powerful parasympathomimetic actions pro- 
hibited the clinical use of TM 10, but N-o-bromobenzyl-N-ethyl-N :N-dimethyl- 
ammonium p-toluene sulfonate* seemed pharmacologically free from this action 
and has been tried for the treatment of hypertension, first by Boura, Green, 
McCoubrey, Laurence, Moulton, and Rosenheim.* At the same time Page and 
Dustan® described the pharmacologic and clinical actions of [2-(octahydro-1- 
azocinyl)-ethyl|-guanidine sulfate.t Both compounds appear to act by blocking 
the peripheral sympathetic vasomotor function without antagonizing the direct 
action of circulating epinephrine and norepinephrine. Thus by definition, they 
are neither adrenolytic nor parasympatholytic agents. Brodie and Kuntzman® 
have since reported that guanethidine depletes peripheral catecholamines while 
bretylium tosylate does not, but acts apparently by blocking peripheral sym- 
pathetic nervous transmission. 

In tissue concentration studies with isotopicaly labeled bretylium, it was 
shown by Boura and co-workers! that the highest concentration of bretylium 
tosylate occurred within the sympathetic ganglia and adrenergic nerves. The 
amounts found in the adrenals were very low. Liver and kidney were implicated 
in the metabolism and excretion of the drug but no evidence was found for the 
existence of metabolites. Early pharmacologic studies with this drug in animals 
also showed that the oral dose was between 10 and 30 times the subcutaneous 
dose and that tolerance became apparent after 7 to 14 days’ daily subcutaneous 
injections. 

Maxwell and Plummer’ described the pharmacologic activity of guanethidine 


in dogs and pointed out that the drug’s effects were delayed and _ prolonged. 


*Bretylium tosylate (Darenthin), furnished by Burroughs Wellcome Co., Tuckahoe, N.Y. 
+Guanethidine (Ismelin), furnished by Ciba Pharmaceutical Products, Inc., Summit, N.J. 
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After single oral doses of 30, 60, and 90 mg. per kilogram, paralysis of pressor 
responses did not occur until 48 hours after administration. 

In the case of neither guanethidine nor bretylium tosylate has a useful 
practicable method been described to measure excretion products or metabolites 
in the blood or urine. The clinical trials to be described, therefore, rely on clinical 
bioassay to assess the duration of action and turnover of both compounds. This 
paper attempts to compare the therapeutic activity of these two compounds and 
to evaluate their usefulness. 

Bretylium Tosylate (Darenthin).—N-o-bromobenzyl-N-ethyl-N :N-dimethyl- 
ammonium p-toluene sulfonate, 


CH; 


g<_S —ti+8 ~ tik. de < SO; 


BR 
CH; 

is issued in scored 200 mg. tablets. It is highly hygroscopic, and strict instructions 
were given to the patients to keep the tablets in a cool and dry place. When this 
advice was not followed, physical deterioration of the tablets occurred. The 
drug has been given to 50 patients, 20 of whom have had it for 3 months or more. 
The first 20 patients studied attended the hospital frequently and spent many 
days in our laboratory from 8:30 A.M. to 6:00 P.M. On each such day, after a 
9:00 A.M. oral dose of bretylium, hourly blood pressure readings were obtained. 
Blood pressures were always taken after the patient reposed for 10 minutes and 
again after he stood for 2 minutes. Once a dose which lowered blood pressure was 
obtained, systematic exercise tests were performed to investigate the effect of 
exercise on the action of the drug. When a dose was discovered which lowered 
the blood pressure to desirable levels without causing excessive side effects, a 
week of placebo therapy was substituted to ascertain whether the previously 
observed lowering of pressure was a true drug effect. In every case the blood pres- 
sure began to rise again within 24 hours and had reached the previous height by 
the second day. 

Each patient was started on a 100 mg. dose once daily. This was increased 
by 100 mg. daily until postural hypotension was obtained. The postural hypo- 
tensive effect and a fall of pulse pressure was in most subjects the only effect for 
2 weeks. Only after this did a reduction in supine pressure become apparent. In 


a number of patients no supine fall could be obtained until doses were given which 


produced excessive postural hypotension. This titration was lengthy and arduous 
to both the patient and the observer. It soon became apparent that the drug was 
absorbed rapidly and that its effects varied considerably from day to day. After 
the first 4 weeks marked tolerance developed, so during the third month most of 


these patient were switched over to guanethidine. 

After the initial period of daily visits to the hospital, an attempt was made 
to teach all patients the technique of taking their own blood pressure with a 
sphygmomanometer of the aneroid type with the bulb directly attached to the 
manometer. Twelve patients succeeded in taking their own blood pressure at 
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regular intervals and keeping adequate charts. The data obtained from these 
home and work readings confirmed the variability of action of bretylium and its 
limited duration of effect after a single oral dose, usually no more than 6 to 8 
hours. Outpatient observations were continued at weekly intervals, and patients 
were seen at approximately the same time of day whenever they attended. 
Table I summarizes the clinical findings in the 20 patients on whom the records 
are most complete and detailed. The ‘‘Complications” listed were diagnosed 
prior to the start of treatment. The first effective dose (F.E.D.) was a dose which 
produced at least postural hypotension. Increases in the dose are noted in italics 
above the mean weekly blood pressures. The mean weekly blood pressure read- 
ings are the averages of all readings taken during the course of the week; for 
some patients this represented the readings on a single visit, for others on two 
visits, and for still others there were also available the readings taken at home. 

Guanethidine (Ismelin).—This is [2-(octahydro-1-azocinyl)-ethyl]-guanidine 
sulfate, 


ix 7 
See VA 
\_/ N-CH:CH:NHC 


and is issued in 10, 25, and 50 mg. scored tablets. Animal studies had indicated 
that it is absorbed slowly from the gastrointestinal tract, and that its excretion 
is delayed. It therefore tends to be cumulative in its effects and a single daily 
dose was sufficient to provide 24 hour activity. These findings were confirmed 
in this clinical trial. 

Initially, patients were started on 25 mg. daily. It was found that hypoten- 
sive effects did not appear until the third or fourth day. The dose was then raised 
by 10 mg. at weekly intervals until an optimal and persistent therapeutic effect 
was seen. After such action was obtained, placebos were substituted, and it was 
found that the blood pressure would climb to the original high levels within 4 
to 7 days on placebo therapy. Once this happened, treatment was again com- 
menced with the same dose that was previously effective. 

More recently we have started patients on a daily dose of 50 mg. for 3 days, 
then lowered the dosage to 25 mg. daily for the remainder of the first week. In 
many cases this provides an adequate hypotensive effect by the fourth day. 

Table II summarizes the clinical history of 25 patients who have received 
guanethidine. 

The following case illustrations have been selected because they illustrate 
some of the results and problems encountered with both compounds better than 
can be portrayed in a table listing only weekly mean hypotensive effects. 


Case 1. The patient is a Negro male, aged 36. He has suffered from severe hypertension for 
at least 8 years. As in most of the patients in this series, his condition had previously been inade- 
quately controlled with ganglion blockers, and he had complained of their side effects. His initial 
blood pressure of 200/120 (180/120 standing) was brought down by a single dose of 300 mg. of 
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bretylium tosylate to 120/80 (110/70 standing) within 3 hours. A 10 step exercise test (jumping 
up onto and down from an ordinary chair 10 times) brought his standing pressure down to 70/40. 
This patient had few symptoms in spite of this extraordinary fall of pressure. 

He was finally maintained well on 300 mg. 3 times daily. The introduction of placebos for 
1 week brought his blood pressure up again to the previous hypertensive levels. 

The administration at this time of 100 mg. of guanethidine led to persistent and severe diar- 
rhea, while a 75 mg. dose, though reducing the frequency of his bowel motions, did not provide 
sufficient hypotensive effect. 

Eventually he was put back on bretylium, and his blood pressure is now moderately well 
controlled on 200 mg. 3 times daily. During the period of hypotensive therapy, however, theserum 
urea nitrogen has climbed from 20 to 44 mg. per cent. The urine remains free of protein and casts, 
but it appears that his fairly consistent normotension has been purchased at the price of some 
diminution of renal efficiency. 


Case 2. This is a 42-year-old white male, who has had hypertension for 10 years and persistent 
proteinuria for at least 6 years. Extensive renal function studies have failed to suggest a primary 
renal cause for the hypertension, though renal biopsy has not been obtained. The patient’s responses 
illustrate the apparent effect of food on the absorption and action of bretylium tosylate. Six hun- 
dred milligrams taken while fasting had no effect until a meal was taken 41% hours later, when the 
blood pressure dropped precipitously. On another occasion, the taking of a meal just prior to the 
ingestion of pills led to hypotension 2 hours later. This phenomenon has been observed in 6 pa- 
tients on repeated occasions. It may be explained by vasodilation and hemodynamic changes in 
the extensive peritoneal vascular bed, secondary to food ingestion, increasing the effect of adren- 
ergic blockade. 

Guanethidine at a daily dose of 125 mg. was in this patient able to replace bretylium, and loose 
bowel motions were only a transient phenomenon which disappeared without special treatment. 


Case 3. This is a young Negro male, 26 years of age. Eighteen months ago he was admitted 
to the hospital with malignant hypertension. Retrograde renal function studies and catecholamine 
determinations were not able to throw light on the etiology of his severe hypertension. When he 
was first referred to the Hypertension Clinic, he was on mecamylamine, and almost suicidal and 
depressed because of the resulting complete impotence. He still had papilledema and was unable 
to work because of disabling headaches. After lengthy titration, the blood pressure was controlled 
on 600 mg. of bretylium tosylate 3 times daily. Not only did he regain his potency, but also ejacu- 
lation occurred regularly, and his mental state greatly improved. However, after 2 months, 
tolerance to the drug seemed to develop, and the dose had to be raised progressively, but the patient 
complained of more severe postural side effects. 

Finally he was switched over to guanethidine. After a stormy introductory period, punctuated 
by transient diarrhea and a skin eruption which disappeared after 2 weeks of an oral antihista- 
minic, his condition is now, 12 months later, well controlled on 50 mg. of guanethidine once daily, 
plus 50 mg. of hydrochlorothiazide with 500 mg. of supplemental potassium, twice daily. 

For 6 months he has been back at work in the shipyards, as a welder, and the papilledema 
has entirely disappeared. The serum urea nitrogen, however, has risen from 15 to 40 mg. during 


the past 14 months. 


DISCUSSION 


Out of 50 patients who were initially tried on bretylium tosylate, 30 stayed 
on the drug for 3 months, and were then switched to guanethidine for a further 
3 months’ period. Eighteen of the other 20 defaulted from the trial for various 
reasons and 2 died from cerebral hemorrhage. During these initial 6 months, no 
other hypotensive therapy was given, except in 3 patients with congestive heart 
failure who were also given chlorothiazide. 

This trial therefore allows us to compare to some degree the effects of brety- 
lium and guanethidine in the same group of patients. Bretylium tosylate was 
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used first in this trial and was later replaced by guanethidine. This sequence was 
due to the earlier availability of bretylium. Our requirements for an ideal hypo- 
tensive agent are that it should: (1) Lower the systolic and diastolic pressure to a 
level normal for the individual patient; (2) maintain this throughout 24 hours; 
(3) do this without untoward effects on other systems; and (4) tolerance should 
not develop. 

Unfortunately neither bretylium nor guanethidine satisfies this definition 
of the ideal hypotensive agent, although they differ in several ways. The dose 
range of bretylium which we administered has been between 100 and 1,200 mg. 
3 times daily. This is a wide range of dosage, and many patients require amounts 
too bulky to permit easy administration. The fact that it must be given 3 times 
daily is also a distinct disadvantage when compared with the administration of 
guanethidine. Guanethidine has a dosage range of between 25 and 125 mg. once 
daily. On the average, 1 mg. of guanethidine has the same activity as 8 mg. of 
bretylium. 

The onset of activity of bretylium occurs within 2 to 4 hours, its activity 
lasts 6 to 8 hours, and absorption appears poor and irregular. Guanethidine begins 
to act on about the third or fourth day after daily oral administration, and the 
effects last for at least another 48 hours thereafter. 

One patient out of 50 on bretylium developed severe urticaria while on a 
dose of 1,000 mg. 3 times daily. This was associated with a marked triple response 
to stroking the skin (dermatographia). This was the only patient on whom 3 
Gm. daily had no hypotensive effect whatever, and treatment was suspended. 
Two patients out of 52 on guanethidine developed drug eruption which responded 
to oral antihistaminics, and did not require cessation of treatment. 

Stuffiness of the nose and marked lethargy were initially complained of by 
most patients on both drugs, once a useful hypotensive effect had been obtained. 
However, subjective complaints such as lethargy, fatigue, weakness, etc., are 
notoriously unreliable indices of drug “‘side effects,” and may in addition be re- 
lated to early and insufficient acclimatization of the body to a new range of pres- 
sures. The unpleasantness of these side effects also depends, in our experience, 
on the patient’s basic personality and outlook, and on the doctor-patient relation- 
ship. If potential side effects are duly explained in advance, and the patient re- 
assured as to their probably transient nature, the patient may be able to with- 
stand the early changes of circulatory dynamics. A general itchiness of the skin 
is another common side effect of both drugs. 

The first effect of both drugs was postural hypotension; this was frequently 
accompanied by some fall of pulse pressure, bradycardia, and a feeling of faintness. 
This postural hypotensive fall was always much accentuated by exercise. Patients 
were warned well in advance of this early marked postural activity, and instructed 
to take care not to move too rapidly or suddenly. After 2 or 3 weeks, the blood 
pressure taken in the recumbent position also began to fall. 

Both potency and power of ejaculation were regained by 2 men in our series 
who had previously become impotent while on ganglion blockers. All other 14 
males regained potency, but could not ejaculate, a pattern similar to that brought 
about by sympathectomy. 
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After the previously described initial 6 months’ trial with both compounds, 
chlorothiazide or one of its derivatives was added to guanethidine or bretylium. 
This allowed some reduction of dosage of the adrenergic blockers and a more even 
hypotensive effect. 

Tolerance was marked with both compounds. It occurred with bretylium 
after the initial 2 or 3 months of use. In about 60 per cent of cases it was overcome 
for a further period by the increase of dosage to twice the initial hypotensive dose. 
In the other 40 per cent, the dosage increase was accompanied by such severe 
hypotensive episodes that the patients refused to continue with the trial. In only 
3 cases could tolerance be successfully overcome for more than 6 months. 
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Fig. 1—Twenty-five patients on guanethidine for 9 months. 


Tolerance to guanethidine occurred increasingly over a 9 months’ period, 
and has led to patient withdrawals (Fig. 1). Out of 25 cases initially reasonably 
controlled with guanethidine, only 10, after 9 months, can be regarded as being 
under satisfactory control. Thirteen others have suspended treatment, either 
because of their increasing tolerance to the drug, or because the dose increases 
required to overcome this tolerance have led to excessive postural hypotension. 

Tolerance is to date the most disappointing feature in these trials, though 
it is of greater moment with bretylium than with guanethidine. With the former 
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it occurs early and is almost universal and complete within 6 months, while 
with the latter its onset is delayed, and some 40 per cent of cases are still well 
controlled with guanethidine after 16 months. 

One further feature should constantly be kept in mind. Continued effective 
hypotensive therapy with either bretylium or guanethidine has, in almost every 
patient who has had such treatment for more than 12 months, led to an increase 
of the serum urea nitrogen. In several patients who at the commencement of 
treatment had evidence of considerable renal impairment, there has been an 
increase of proteinuria, marked nitrogen retention, and early symptoms of uremia, 
such as nausea and anorexia. Concomitant treatment with thiazides appears to 
accelerate this symptomatology. 

There is no direct evidence that such a course of events is related to anything 
but the potent and consistent hypotensive effects of adrenergic blocking agents 
that have been prescribed in an adequate dose. Similar findings are seen occasion- 
ally with ganglion-blocking therapy under the same conditions, though their 
different pharmacologic properties and more profound side effects made effective 
and sustained hypotensive treatment less common. Cautious patient selection 
and continued and frequent supervision should prevent the precipitation of a 
uremic state by adrenergic-blocking therapy. At the same time, in many patients 
such treatment must follow a trial-and-error method, and there is clearly great 
need for some simple function test which would predict the renal response to 
persistent reduction of blood pressure. More likely this problem is linked with 
our insufficient understanding of the natural history and course of hypertensive 


disease. 


SUMMARY 


The adrenergic blocking agents, bretylium tosylate and guanethidine, have 
been studied in 50 patients. They are both potent hypotensive agents. In so far 
as they cause no constipation, dryness of the mouth, or paralysis of visual ac- 
commodation, they constitute a distinct advance beyond the ganglionic blocking 
agents. Of the two compounds studied, guanethidine is, on the whole, to be pre- 
ferred, as it can be given once daily and appears to have a more even action 
throughout the 24 hours. However, marked tolerance with either compound 
occurs within 3 to 9 months; thus treatment becomes progressively more difficult. 

This and the initially required careful titration suggest that both agents 
should be used only under conditions where good medical control and patient 
cooperation are available. Under such conditions, and in combination with a 
thiazide diuretic, these compounds may be of use in the treatment of hyper- 
tension, in cases where renal function remains reasonably normal. Given too 
freely, these interesting new pharmacologic agents may quickly fall into dis- 
repute. Only upon recognition of their limitations will they be given their rightful 
place in the pharmacopeia. 

My gratitude is due to Dr. Victor A. McKusick for the provision of patient facilities in the 
Moore Clinic and to Dr. Louis Lasagna for his advice and help throughout this project. 
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OKLAHOMA CITY, OKLA. 


CREENING with the minature chest x-ray was originally developed for 
\J tuberculosis case finding. Subsequently interest in its use for cardiovascular 
disease case finding has developed.'-’ The size of films used has varied, including 
70 mm., 35 mm., and 4 by 5 inches. 
In this paper we will first attempt to summarize cardiovascular disease case 
finding data from the literature and then from our own experience in Oklahoma. 
Many studies have reported results of screening for cardiovascular disease 
with miniature chest x-rays, but relatively few have included sufficient informa- 
tion or data for comparison of case finding. Furthermore, there has been no 
standardized method of reporting results. Thus recalculations of published data 
are usually necessary in order to compare various studies. 
Table I presents case finding rates and other information from thirteen 
studies which could be adapted for comparison of various data of interest to 
us.!°-2 The first column lists the ‘‘study population” size or total number of 


persons on whom x-rays were obtained in each study. All of the study populations 


were adult and all but four were populations examined as part of community 
tuberculosis surveys. Of the remaining four, two were populations of outpatients 
at general hospitals,!7"! one was a population of business men receiving periodic 
health examinations,2! and one was a population of city employees receiving 
health examinations.” Further analysis shows that these thirteen populations 
cannot be compared with precision. For example, some of the populations are 
predominantly white!’ and some predominantly Negro.'?!® In about halt 
of these studies insufficient data are given concerning age, sex, and race distri- 
bution in the study population, the suspects, the confirmed cases, or the new 
cases. Because the populations cannot be closely matched, comparison of data 
must be appropriately qualified. Nevertheless, a qualified comparison does reveal 
some useful information. 


*Heart Disease Control Program Officer, Public Health Service, United States Department of 


Health, Education, and Welfare. 
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The second column in Table I shows the number and the per cent of films 
read suspect for heart disease. The percentages range from 0.3 to 32.4 per cent. 
They appear to vary with the type of population studied and the characteristics 
of the reader. Chest physicians, reading alone in mass tuberculosis screening, 
usually have not suspected more than 1.5 per cent for cardiovascular abnor- 
malities. !?:!4-!16.3-°7 For most studies in which a higher percentage is suspected, 
the reader or dual readers are interested in cardiovascular disease case find- 
ing, 10-11.18,17,20-22,28-30 and/or the population is sick, predominantly indigent, or 
elderly.!®*! Follow-up has indicated a higher subsequent mortality in the suspect 
group than in a group with negative films.” 

The number of cases found in follow-up may be tabulated in relation to the 
number of ‘‘suspect”’ films, or to the total number of screening x-rays read. ‘‘Sus- 
pect”? throughout this paper will refer to all films the cardiovascular interpre- 
tations of which have been sufficiently abnormal to merit a follow-up diagnostic 
evaluation by a physician. When the number of cases found is divided by the 
number of ‘‘suspect’’ films, a measurement of confirmation is obtained. This 
seems simple but is complicated because the per cent of physicians’ evaluations 
reported in different studies may vary considerably (from 42.6 to 100.0 per cent 
in the third column of Table I). This percentage approximates 100.0 per cent 
only if the physicians’ examinations are made at the same time and place as the 
x-ray.!7:191,.22 When ‘“‘suspect’’ screenees are sent to family physicians or clinics 
elsewhere, many other factors become involved and fewer of the original suspects 
obtain known completed evaluations. 

Thus, for comparison of various studies we have used the following per cent 
to express confirmation: 

Number of confirmed cases 
Confirmation percentage = 


Number of physicians’ evaluations known 


With certain qualifications, this allows a comparative measure of the accuracy of 
the various readers. 

The ‘“‘confirmation percentages’ shown in the fourth column of Table I vary 
from 15.8 to 94.9 per cent. In general the confirmation percentage varies inversely 
with the “‘per cent suspect.” It will be noted that the two studies with lowest 
confirmation percentages are associated with the two highest per cents suspect.”)"™ 

The optimum index of suspicion would maximize case finding and minimize 
over-referral. This ideal index of suspicion cannot be defined with precision. The 
reader should be aware, however, that too high an index of suspicion will lead to 
a very low confirmation percentage. Case finding will not be augmented suf- 
ficiently to justify the over-referral. 

Aside from other factors, it is difficult to evaluate the relative effect, if any, 
of the type of examining physician on confirmation percentage. None of the 
studies reviewed have compared two sets of examiners, for example, cardiologists 
and general practitioners, although each has been used in separate studies. 

‘“New”’ cases generally refer to confirmed cases that were ‘‘not previously 
known.”’ It is evident from study of the fifth and sixth columns of Table I that 
a smaller percentage of confirmed cases are usually described as ‘‘new”’ by the 
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examining physician (8.6 to 35.0 per cent), than by the patient examined (23.4 
to 69.3 per cent). We feel that, because of these differences, the physician’s opinion 
should be the standard used for expressing ‘‘new case’’ finding statistics. His 
answers should be more reliable, assuming there are previous medical records 


available to him. 
Case finding data should be reported as “‘actual”’ and ‘“‘estimated”’: 


Actual case finding rate = 
(per 1,000 films) 


Estimated case ; 
Actual case finding rate X number “‘suspects’’ referred 


finding rate = ———__— , mee 
(per 1,000 films) Number physicians’ evaiuations known 
’ 


Total case finding and new case finding are expressed both ways in Table I. 
The estimated case-finding rates will give a fairer comparison of case finding in 
different studies. The studies in Table I show a remarkable range in case finding: 
actual confirmed case finding, 1.6 to 160.9 per 1,000; estimated confirmed case 
finding, 2.9 to 160.9 per 1,000; actual new case finding, 0.1 to 37.7 per 1,000; and 
estimated new case finding, 0.3 to 37.7 per 1,000. 

The tremendous variations in case finding seem to be explained by the multi- 
ple factors we have discussed above. The characteristics of the study population 
and of the x-ray reader seem to have the most influence. Thus the highest con- 
firmed case finding rate of 160.9 per 1,000 reflects a study population of medically 
indigent outpatients, 87 per cent Negro, seeking medical care, together with a 
radiologist working on a special cardiovascular screening study.'® (Here the actual 
and estimated case finding rates are the same because 100 per cent of the suspects 
received a physician’s evaluation. ) 

The new case finding figures are affected not only by the total case finding 
but also by the definition of ‘‘new”’ cases as already discussed. 

This study was undertaken to evaluate further the 70 mm. chest x-ray as a 
screening procedure for detecting cardiovascular disease. It was conducted in 
Carter County, Oklahoma, in March, 1958. Both a radiologist and a cardiologist 
served as readers. 

The study was designed and conducted by the Oklahoma State Department 
of Health and the Department of Preventive Medicine and Public Health of the 
University of Oklahoma. It was made possible through the assistance and co- 
operation of the Carter County Health Department and the physicians of Carter 
County, Oklahoma. 


METHODS 


The 70 mm. chest x-rays were taken in the posteroanterior projection at a 
42-inch distance. A total of 8,126 films were taken of ambulatory screenees on 
the Chronic Disease Screening Mobile Unit of the Oklahoma State Department 
of Health. A clerk asked each screenee if there was any prior known heart disease 
or high blood pressure. The films were interpreted by the radiologist and cardi- 
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ologist independently without knowledge of other screening data. They used a 
standard form on which they could indicate their suspicions as: cardiomegaly, 
left ventricular hypertrophy, various abnormalities of the aorta, and other cardi- 
ovascular abnormalities. No strict measurement criteria were followed, however. 
These data were then analyzed independently of the noncardiovascular ab- 
normalities discovered. 

A second screening was recommended to the 917 individuals with ‘‘suspect”’ 
films on the first screening (Table I1), but only 780 received it (see Table IIT). 
This second screening consisted of a 14 by 17 inch chest x-ray, blood pressure 
determination, Lead | electrocardiogram, and a set of three questions pertinent 
to the history of the cardiovascular system. The 14 by 17 inch films were inter- 


preted by the same readers. 


PaABLE II. Sex AND RACE PERCENTAGES IN SURVEY POPULATION, SUSPECTS, CONFIRMED CASES 
AND NEw CASES 


POTAL 
FEMALE WHITE NEGRO INDIAN 


(%) (%) 


Survey population 
“Suspect” films 
Confirmed cases 
New cases 


The remaining 137 did not receive the second screening because they mis- 
understood instructions, preferred to report directly to their personal physicians, 
or decided not to take any action at all. They were statistically considered as 
referred directly to the family physician on the basis of the first screening. Fol- 
lowing failure to attend the second screening, attempts were made by the Carter 
County Health Department to encourage these 137 to see a physician for evalu- 
ation. Of these 137, only 57 (41.6 per cent) received evaluation (see Table III). 

A confidential form was sent to the family physician of every screenee re- 
ferred because of ‘‘suspect’’ cardiovascular disease, including the 137 who did 
not receive the second screening. The form included a check list for diagnosis 


and a place to indicate whether or not the disease was previously known. If heart 


disease was confirmed but not previously known, it was considered ‘“‘new.”’ 


POPULATION STUDIED 


Carter County, with an estimated civilian population of 45,019, is located 
in the mid-southern region of Oklahoma and may be described as a rural county. 
Its largest city is Ardmore, with an estimated population of 29,300. The county 
total death rate is 8.8 per 1,000 and the death rate from heart disease is 3.5 per 
1,000. The average death rate in the State of Oklahoma is 9.5 per 1,000 and the 
average death rate from heart disease is 3.2 per 1,000 estimated for 1958. 
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The estimated population of Carter County over 15 years of age was 31,627 
and this study omitted persons under 15 years of age. At the first screening we 
obtained 70 mm. films of 8,126, or 26 per cent of these 31,627 persons. 

Fig. 1 shows a comparison of the age distributions of the studied population 
and the population of Carter County over 15 years of age. It will be noted that 
there are proportionally fewer persons in the 15 to 24 year age group in the study 
and slightly more in the age group 35 to 64 years, than in the county population. 
Table II shows the distribution of sex and race in the studied population. Reliable 
estimates of sex and race distributions of the Carter County population are not 
available at present. 


AGE DISTRIBUTION OF CARTER COUNTY POPULATION 
(OVER 15 YEARS) AND STUDY POPULATION. 


15 YEARS) 


COVER 


POPULAT LON 


T OF 


RESULTS 


First and Second Screening.—Ot the 8,126 films taken at the first screening, 
917, or 11.3 per cent, were interpreted as ‘“‘suspect”’ for cardiovascular disease. 


The subsequent follow-up of the 917 persons with suspect films is indicated in 
Table III. 


As mentioned above, only 780 persons received the intended second screen- 


ing. 

The remaining 137 persons were tabulated as direct referrals on the basis of 
the 70 mm. chest x-ray alone. Only 48 of the 780 receiving the second screening 
were not referred to physicians. The remaining 732 were referred. Although there 
was this difference in basis for referral, all 869 persons referred to physicians did 
have their original 70 mm. films read as ‘‘suspect”’ for cardiovascular disease. 
Of the 869 referred, a physician’s reply was received for 448, or 51.6 per cent. 
Of the 448 replies, 302, or 67.4 per cent, indicated cardiovascular disease and 
were counted as confirmed cases. If the 48 persons with negative second screenings 
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had also been referred, the confirmation percentage might have been slightly 
lower. 

Of the 302 confirmed cases, 52, or 17.2 per cent, were ‘“‘new”’ according to 
their physicians. However, 199 of the confirmed cases, or 65.9 per cent, would 
have been considered ‘‘new”’ according to the patient. 

A comparison of the age distributions of the total screenee group, the ‘‘sus- 
pect”’ group, the confirmed case group, and the ‘“‘new”’ case group is shown in 
Fig. 2. It will be noted that the total screenee group has an obviously younger 
age distribution than the other three groups. 


CONFIRMED 
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’ 


PER CENT PER 


SUSPEC * fe 
Pa 
7 


y 


Fig. 2. 


The data give the definite impression that 70 mm. chest x-rays detect fewer 
cases of cardiovascular disease in individuals under age 45 years than in those 
over that age. The greatest relative yield is in persons above the age of 55 years. 
The age distributions of the suspect, confirmed, and new case groups do not 
differ significantly. 

Table II shows the sex and race of the above groups. It will be noted that 
the Negroes have a higher representation among those suspect, the confirmed 
cases, and the new cases than in the total screenee group. This indicates a some- 
what higher prevalence of cardiovascular disease among the Negroes studied 
than among the Whites or Indians. 

Case finding rates for this study are shown in Table I. 

Comparison of the Case Finding and Per Cent Confirmation of the Radiologist 
and Cardiologist.—Table IV shows that the radiologist read 465, or 5.7 per cent, 
of all the films suspect, whereas the cardiologist read 760, or 9.4 per cent, as 
suspect for cardiovascular disease. The two, reading independently, agreed on 
only 308, or 33.6 per cent, of the 917 films read suspect at the first screening. 

It will be noted that the per cent confirmation of the radiologist was 76.1 
and that of the cardiologist was 68.9. These figures, however, are not statistically 
different even at the 5 per cent level. The cardiologist found 261 confirmed cases 
compared with 166 found by the radiologist. The actual confirmed case finding 
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TABLE IV. FoLLow-Up oF THE 917 PERSONS WITH SuSPECT 70 MM. X-RAYS, BY READER 


FILMS READ PHYSICIANS’ HEART DISEASE CONFIRMED CASES 
READ ‘‘SUSPECT”’ “SUSPECT” REPLIES CONFIRMED FOUND 
BY: RECEIVED 2 ae Ta 
(NO.) | 
% OF ALL % OF Cl, OF 
FILMS NO. REPLIES NO. TOTAL 


76.1 
68.9 


Radiologist 
Cardiologist 
59.4 


Jo 
83.9 


i Radiologist only 
Cardiologist only 
Both readers 


Total : 2 67.4 


rate for the cardiologist was 32.1 cases per 1,000 and for the radiologist 20.4 
cases per 1,000. This difference is statistically significant at the 1 per cent level. 
Thus it can be stated that the cardiologist exhibited a higher case finding ability 
than the radiologist without a statistically significant drop in confirmation per- 
centage. The combined case finding as shown in Table I was 37.2 confirmed cases 
per 1,000 population. 

When both readers agreed that the film was suspect, the confirmation per- 
centage was 83.9 per cent, which is statistically different at the 1 per cent level 
from the corresponding readings by the cardiologist or radiologist alone (59.1 
per cent and 59.4 per cent, respectively). However, the actual confirmed case 
finding rate in this group was only 15.4 per 1,000. 

Table V describes the confirmation of abnormalities suspected on the 70 mm. 
chest x-rays. The most interesting feature of this table is that both the radiologist 
and cardiologist as individual readers had similar confirmation for ‘‘abnormalities 
of the aorta”’ and “cardiomegaly or left ventricular hypertrophy.” 

Diagnosis in the Confirmed Cases.—TVable VI shows the types of heart disease 
found in the 302 confirmed cases and 52 new cases. It will be noted that arterio- 
sclerotic heart disease, hypertensive heart disease, and a combination of the two 
constitute 268, or 88.7 per cent, of all confirmed cases and 45, or 86.6 per cent, 


of the new cases. 


DISCUSSION 


There now seem to be fairly good explanations for the wide variations in 


reported cardiovascular disease case finding rates with minature chest x-ray 
screening of ambulatory adult populations. Better case finding is obtained if the 
reader is especially interested or trained in cardiovascular roentgenology. This 
improved case finding, within limitations, is accompanied by only small losses 
in confirmation percentage. Too high a level of suspicion, however, leads to a very 
low per cent confirmation and the increment in case finding does not appear to be 
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TABLE VI. Tyre or HEART DISEASE FouND AMONG THOSE WITH INITIAL ‘Suspect’? 70 MM. 
CHEST X-RAY 


CONFIRMED CASES NEW CASES 
TYPE OF HEART DISEASE : : 
(PHYSICIANS’ DIAGNOSES ) 


Arteriosclerotic alone 
Hypertensive alone 
Arteriosclerotic and hypertensive 
Rheumatic 

Congenital 

All other types and combinations 
Type of heart disease not specified 


Total 


justified.2: No exact or ideal interpretation criteria are as yet available, but it 
does appear that heart disease case finding may be approximately as good for re- 
ferred abnormalities of the aorta as for abnormalities of the cardiac shadow itself. 

We have experienced relatively consistent case finding by utilizing the same 
radiologist and cardiologist in two different ambulatory adult population studies 
in Oklahoma. We note that their confirmation rate and total case finding are 
better the second time, and we attribute this in part to their ncreased experience 
in this type of screening (see Table I).?° 

In special studies, all ‘‘suspect’’ films must be referred to physicians for 
evaluation. In other screening programs, it appears justified not to refer those 
persons with “‘suspect”’ films who have indicated prior knowledge of heart dis- 
ease. For example, in our study, of the 187 referred suspects who had indicated 
a prior knowledge of heart disease, only 5, or 2.7 per cent, were found to have 
newly discovered heart disease according to the physician. Certainly some of 
the ones not referred under this policy would be “‘benefited”’ by referral, but this 
brings up the difficult problem of ‘“‘benefit.’’ Rutstein and co-workers!!:” have 
used acceptable criteria for ‘benefit’? as applied to new cases, but no study to 
date has applied these to all evaluated suspects. Our study obtained no informa- 
tion about this important problem. 

It is our opinion that, until further information is gained, finding new cases 
(as defined by the examining physician) is the most important focus for cardio- 
vascular disease screening. 

Follow-up after screening is very important. The cooperation of the com- 
munity physicians and the county health departments is the key factor in this 
regard. 

With our present knowledge, it appears possible to conduct cardiovascular 
screening with the minature chest x-ray on sound case finding principles and with 
a reasonable anticipation of the results. Other screening methods!*:*?:?7:33-38 have 
and will be added to the miniature film, but further data and case finding analysis 


with these combinations are needed. 
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SUMMARY 
The 70 mm. chest x-ray can be used effectively for case finding of cardio- 
vascular disease in adult populations. A summary of case finding data from other 
studies is presented. Results from a study in Oklahoma are given and discussed. 
In this study 70 mm. chest x-rays of 8,126 adults were interpreted by a 
radiologist and cardiologist, independently. Of these, 917, or 11.3 per cent, were 
found to be “‘suspect”’ for cardiovascular disease. Heart disease was confirmed in 


67.4 per cent of the suspects who received a physician’s evaluation. 

The actual confirmed case finding rate for the population studied was 37.2 
per 1,000 and the estimated case finding rate was 72.1 per 1,000. The actual new 
case finding rate (according to physicians) was 6.4 per 1,000 and the estimated 


new case finding rate was 12.4 per 1,000. 

A comparison of the case finding of the radiologist and cardiologist is in- 
cluded. 

Of the new cases discovered, 86.6 per cent represented arteriosclerotic heart 
disease, hypertensive heart disease, or a combination of these diseases. 


We wish to express our gratitude for statistical consultation to Mrs. Margaret Shackelford, 
Director, Division of Vital Statistics, Oklahoma State Department of Health, and Pearl D. Fisher, 
Ph.D., Assistant Professor, Department of Preventive Medicine and Public Health (Biostatistical 
Unit), University of Oklahoma Medical Center. 

For their cooperation in this study we are indebted to the Chronic Disease Control Division 
and Division of Vital Statistics of the Oklahoma State Department of Health, the Department of 
Preventive Medicine and Public Health of the University of Oklahoma Medical Center, the Carter 


County Health Department, and the physicians of Carter County, Oklahoma. 
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SYCHOSES that develop in women shortly after childbirth are often con- 

sidered indistinguishable from those that occur at other times, except perhaps 
for a more favorable prognosis. The onset of a postpartum psychosis may be 
abrupt, occurring early in the puerperium after a lucid interval between parturi- 
tion and psychosis. However, it may come more gradually, later in the puer- 
perium, or in the “lactation” period, with prodromal symptoms of exaggerated 
emotional changes of either depression or excitement. During the active illness, 
each type, sudden or slow, usually includes some elements of depression, sus- 
piciousness, and preoccupation. Often the episode runs a stormy course and may 
climax in physical violence to mother or child. 

Estimates of incidence range from 0.5 to 3.0 postpartum psychoses per 1,000 
pregnancies. Although not a regular event, recurrence of psychosis after a subse- 
quent pregnancy approximates a 100 fold increase over these estimates. Unvali- 
dated etiological hypotheses and clinical impressions as to provoking factors are 
legion. A comprehensive report by Thomas and Gordon! reviews the published 
data on clinical and ecologic aspects of these psychoses. 

In studying postpartum psychoses as a kind of epidemiologic challenge, we 
find factors of the prenatal and perinatal periods arrayed in a tantalizing fashion, 
much like the pieces of a picture puzzle partly fitted together. The question re- 
mains whether all the pieces will match, or indeed whether they are all on hand. 
We may not be able to show that postpartum psychoses occur more frequently 
than psychoses in other phases of womanhood, but the events do seem to occur 
in a noticeably different pattern, and the circumstances of pregnancy and birth 
afford additional special data of value to the investigation. The pieces of the 
puzzle suggest a framework that may be of interest to the epidemiologist. The 
present discussion provides only a sketch of the current state of the assembly 
job. 


J. Chronic Dis. 


162 PAFFEN BARGER February, 1961 


METHODS 


Since psychiatric nomenclatures do not include rubrics for parapartum psy- 
choses, a case-finding method was applied to patients in the Cincinnati, Ohio, 
hospital service area, from 1940 through 1958. The psychiatric histories of all 
women aged 15 through 44 years, as presented in the medical charts of all hos- 
pitals with psychiatric services, were reviewed to identify patients who were 
pregnant at the onset of psychosis or in the prior 6 months, an arbitrary terminus 
of search. Except where indicated, only women who were experiencing their first 
psychotic attack were included for study. Those manifesting psychoneuroses, 
mental deficiencies, and behavior disorders, or having a previous history of these, 
were excluded. 

Pertinent information was compiled from the hospital obstetric record of 
each psychotic subject. It is emphasized that these data were documented before 
overt mental distortions developed. To establish control subjects, similar data 
were obtained for the preceding and the following mothers of the same race who 
were delivered in the same obstetric unit. No attempt was made to match these 
mothers on any factor other than race. Findings stem from grouping evaluations 
for psychotic patients as opposed to those for the control subjects. 

Race-specific frequencies were compared in terms of group averages or pro- 
portions and are reported wherever disparity existed in the direction or strength 
of differences between psychotic and control groups. Where no disparity existed, 
results for the two races (Negro and white) were combined to add stability to the 
small numbers involved. 

The inherent variability of values for control subjects could be measured for 
selected years on maternal age, parity, reproductive components, and the legiti- 
macy and birth weights of infants. This was done by comparison of the group of 
control subjects with county or state tabulations compiled by the Ohio Depart- 
ment of Health. For each characteristic, on a race-specific basis, the observed 
difference between the means was no larger than its standard error. Thus con- 
fidence was established in the method of choosing a control group. 

Since maternal age and parity influenced the frequencies of many factors 
studied, adjustments (indirect method) were made where needed for these vari- 
ables. Statistical significance was determined by chi-square tests or by division 
of differences between means by the standard error of difference. A probability 


level of .05 was considered significant. 


FINDINGS 


A total of 126 patients (96 white and 30 Negro) who had experienced their 
first recognized psychotic attack were studied. Fifty-seven illnesses (45 per cent) 
were diagnosed as schizophrenia, 27 (21 per cent) as manic-depressive psychosis, 
and 42 (33 per cent) were undifferentiated by clinical type. No differences related 


to prenatal or perinatal factors were found among the types. Accordingly the 


psychotic patients are considered hereafter as a composite group. 
Fig. 1 shows the distribution of 125 postpartum psychoses by reported 
month of onset after parturition. Four patients developed psychotic symptoms 
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within 24 hours of delivery, 53 (42 per cent) became sick within the first week, 
and an additional 43 by the end of the fourth week, a cumulation of 76 per cent. 
Approximately 85 per cent manifested psychotic symptoms during the puer- 
perium in direct relationship to the normal rate of physiologic involution, but 
the significance of this parallel is uncertain. The remaining cases, all with more 
subtle beginnings, had their onset by the sixth month. The earlier and later 
starting cases did not otherwise differ notably in somatic or psychic characteristics. 
The actual dates of onset of the 125 postpartum psychoses showed no seasonal 
trends or significant interannual variation in the few years studied. 

Twenty-one prepartum psychoses were uncovered by the case-finding 
method, the onset of 18 being known. These were rather evenly scattered by tri- 
mester of pregnancy. Postpartum breakdowns outnumbered them 6 to 1. This 
accumulation of delay offered the speculation of a salutary effect of pregnancy, 
with a sudden rise in the number of cases after some protective barrier had been 
removed. The data were too few for study of this hypothesis. 
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Fig. 1.—Onset of first recognized attacks of parapartum psychoses in the Cincinnati, Ohio, hospital 
service area, 1940 through 1958. 


Incidence.—Attack rates of postpartum psychoses were computed for the 
active years of field study, 1957 through 1958 (Table I). A total of 50 cases were 
recognized among postgravid women of Hamilton County. Thirty-two repre- 
sented first attacks of psychosis, 6 were recurrences in women who had experi- 
enced a previous postpartum episode, and 12 were reactivated mental disturb- 
ances in women who had had prior attacks unassociated with pregnancy. The 
rate among white women was 1 per 1,000 live births; among Negroes, 1.9. In 
both races, rates increased with age. These trends of incidence obtained in both 
the first attack group and the total groups, and did not differ among census areas. 
The rate of first attacks was 0.7 per 1,000 live births: for whites, 0.6; for Negroes, 
me 

Age.—As shown in Table II, the psychotic patients averaged 27.6 and the 
control subjects 26.1 years of age. Although smal! in the total life span, this 
significant difference of 1.5 years is more considerable in terms of the reproductive 
years represented. Negroes were a year younger than whites. In each parity 
bracket, psychotic patients were older than control subjects. When multiparas 
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were examined as to age at first and successive pregnancies, no difference was 
found between psychotic patients and control subjects until the pregnancy im- 
mediately preceding that associated with the psychosis. Then psychotic patients 
were found to be significantly older (1.5 years) than control subjects, and the 
difference increased to 2 years by the time of entry into the study. 


Differences in age between psychotic patients and control subjects seemed 
not to be a function of sociocultural factors, at least as measured by occupations 
of their husbands. Patients were older than controls in each occupational category. 
The relative proportions of professional or managerial, clerical or skilled, semi- 
skilled or unskilled, and farm workers were similar in both psychotic and control 
groups. Among the whites there tended to be some correlation between psychotic 
patients and the professional category, although the difference was not significant. 


TABLE I. INCIDENCE RATES OF POSTPARTUM PsyCHOSES, HAMILTON County, OHIO, 
1957 THROUGH 1958 


POSTPARTUM PSYCHOSES 


NO. OF PATIENTS 
RACE AND LIVE BIRTHS 


AGE (YEARS) | (1,000’s) RATE/1,000 


HISTORY LIVE BIRTHS 
FIRST RECUR- OF PRIOR TOTAL 
ATTACK RENCE PSYCHOSIS* | 


White: 
15-24 
25-34 

35+ 


Total 
Negro: 
15-24 
25-34 
35+ 


Total 
*Prior psychosis unassociated with pregnancy. 


TABLE II. AGE DIFFERENCE OF PATIENTS WITH POSTPARTUM PSYCHOSIS AND OF 
CONTROL SUBJECTS 


AGE (YEARS) 


CATEGORY 
STANDARD 
DEVIATION 


Psychotic patients (126) 
Control subjects (252) 


*Observed difference between means = 2.3 times its standard error. 
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It has been suggested that the patient with postpartum psychosis may be 
older than her sister for reasons related to personality structure, exemplified 
perhaps with the characteristics of being neat, compulsive, rigid, and marrying 
later. At least the last named was measurable. A search of county records pro- 
duced dates of marriage license application and ages for 33 per cent of psychotic 
patients and 30 per cent of control subjects. Psychotic patients were wed at 21.1 + 
2.8 years; control subjects, 21.5 + 3.5 years. Since there was no significant dif- 
ference in marriage ages of psychotic patients and controls, the age difference of 
1.5 years at parturition must relate to factors influencing postmarital events. 

Parity—The mean parity for white psychotic patients was 2.7 pregnancies 
reaching 20 or more weeks’ gestation, similar to 2.6 for white control subjects. 
Negro psychotic patients, however, were significantly lower in parity (2.4 vs. 3.5), 
their average being lower at each standard age class (Fig. 2). Differences were 
similar when gravidity data were used instead. Prior to the most recent preg- 
nancy, psychotic patients and control subjects showed similar records of abortion, 
fetal death, and live birth. Likewise, neonatal and infant death rates were similar. 
When data were limited to the most recent pregnancy, however, psychotic pa- 
tients differed from control subjects as will be shown. 


WHITE 


—-PSYCHOSIS PATIENTS 
---CONTROL SUBJECTS 


PARITY 
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Fig. 2.—Average parity of patients with postpartum psychosis and of control subjects by 
race and standard age class. 


The proportion of women delivered of their first viable child is shown in 
Table III. In each age class there were more primiparas among psychotic patients 
than among control subjects. There was no significant difference between white 
psychotic patients and control subjects in the proportion of primiparas. Among 
the Negroes, however, over half the patients, but less than one-fifth of their 


controls were para i. 
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TABLE III. PrimrpArAS AMONG StuDY SUBJECTS 


PSYCHOTIC PATIENTS CONTROL SUBJECTS 


PARA 1 PARA I 
_| PROBABILITY 


White 96 ‘ 3: 192 50 | .10 
Negro 30 4 z 60 | 1 < .001 


*Adjusted (race-specific) for differences in age between psychotic patients and control subjects. 


TABLE IV. INTERVAL BETWEEN Most RECENT AND IMMEDIATELY PRECEDING PREGNANCIES 


PSYCHOTIC PATIENTS CONTROL SUBJECTS 
INTERVAL (70) 
(YEARS ) 


*P for 5+ 


TABLE V. LENGTH OF GESTATION* 


PSYCHOTIC PATIENTS CONTROL SUBJECTS 
GESTATION (124) ) 
(WEEKS) 


20-38 
39-40 
41-45 


*P for distributions <01. 


For multiparas the intervals between pregnancies were reviewed. The only 
significant difference occurred with intervals of 5 or more years between the most 


recent and the immediately preceding pregnancies. Such an interval characterized 
19 per cent of psychotic patients in contrast to 4 per cent of control subjects 
(Table IV). Anatomically and physiologically, women with lengthy intervals 
between pregnancies are said to have much in common with primiparas, and the 
similarities may include factors associated with psychoses. No data are available 
on the frequencies of involuntary sterility or fear of pregnancy. 

Psychotic patients and control subjects showed no differences in scheduling 


or amount of prenatal medical care. 
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Gestation.— As estimated from the date of parturition and the first day of the 
last menstrual period, shorter gestational intervals were noted for psychotic 
patients (38.8 + 3.3 weeks) than for control subjects (39.8 + 2.1 weeks). Similar 
differences held in each age class and parity bracket (Table V). 

Since parturition may occur a few days sooner than 280 days in women with 
short menstrual cycles, and may be later in women with long cycles, the menstrual 
histories of study groups were compared. No differences in age at onset, periodi- 
city, duration, or quantity of flow were detected. 

The proportions of psychotic patients and control subjects whose labor was 
induced were the same (4 per cent), and likewise the proportions with spontaneous 
premature rupture of the membranes (8 per cent). Differences in proportions of 
those hospitalized in false labor were minimal (patients 5 per cent, controls 3 
per cent). 

Complications.—Hospital records obtained for each mother revealed no 
prior difference in frequencies of chronic diseases or obstetric complications in 
psychotic patients and control subjects. Significant differences in frequencies of 
complications in the most recent pregnancy and parturition are shown in 
Table VI. 

More psychotic patients had complained of headache and demonstrated a 
blood pressure exceeding a systolic level of 140 mm. Hg or a diastolic level of 90 
at soie iime ante partum. Patients and control groups did not differ significantly 
in duration of labor, 7.4 + 6.7 hours and 7.8 + 7.2. 


TABLE VI. COMPLICATIONS OF PREGNANCY AND PARTURITION 


PSYCHOTIC PATIENTS CONTROL SUBJECTS 


COMPLICATION | 
RATIO , RATIO 


Symptoms: 
Headache 20/105 23/237 
Visual disturbance 7/104 6/237 
Vertigo 9/104 14/237 
Peripheral edema | 21/99 2 56/234 
Uterine hemorrhage 12/104 16/226 
Hypertensiont 12/107 | 10/236 


Syndromes: 
Respiratory illness 10/103 6/227 
Pre-eclampsia 10/126 13/252 
Placenta previa 2/251 
Abruptio placentae 2/251 
Prolapsed cord 3/12 0/251 
Dystocia: 
Malpresentation§ 3/12: 13/251 
Cephalopelvic disproportion 5 0/251 
Uterine dysfunction k 0/251 


Total dystocia 28 13/251 


*Adjusted for differences in age and parity between patients and controls. 
t+Significantly higher at .05 level. 

{Systolic >140 mm. Hg or diastolic >90. 

§Any presentation other than an uncomplicated vertex. 
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Larger proportions of psychotic patients complained of respiratory illness 
(especially in the third trimester) and experienced dystocia due to malpresenta- 
tion,* cephalopelvic disproportion, or uterine dysfunction. Differences were not 


significant for such syndromes as pre-eclampsia, placenta previa, abruptio pla- 
centae, and prolapsed cord. Of all the complications mentioned, other than indi- 
vidual symptoms, one or more were reported for 34 (25 per cent) of the 126 psy- 
chotic patients as against 34 (14 per cent) of the 252 control subjects. This is a 
significant difference, although insufficient alone to distinguish the psychotic pa- 
tients. When short gestation periods also are taken into account, however, the 
percentages become more impressive (patients 42 per cent, controls 23 per cent), 


No differences were found in types or frequencies of operative procedures or 
drug administration. 

Reproductive Components. Ninety-five per cent of psychotic patients and 
98 per cent of control subjects produced liveborn infants; 5 per cent and 2 per 
cent had fetal deaths; and 2 per cent and 1 per cent, neonatal deaths. Perinatal 
mortality was significantly more common among offspring of patients than of 
controls (Table VII). Neither sex of offspring nor the proportions with congenital 


defects recognized at hospital discharge differed in the two groups. 


TABLE VII. PERINATAL MORTALITY 


PSYCHOTIC PATIENTS CONTROL SUBJECTS 
(126) (252) 
CATEGORY 


Fetal death 
Neonatal death 


Totalt 10 


*Adjusted for differences in age and parity between patients and controls. 
+P for totals 02. 


Birth Weights~—Maternal weight gains during pregnancy were similar 
(psychotic patients, 10.3 + 4.1 kilograms; control subjects, 10.0 + 5.0). As ex- 
pected, the findings on birth weights parallel those on gestational periods (Table 
VIII). Mean birth weight of the offspring of psychotic patients was 150 grams less 
than that of infants of control subjects, or 163 grams when adjusted for age and 
parity. At each age class and parity bracket, the infants born alive to psychotic 
patients weighed less than those to control subjects (Fig. 3). The total patient 
group did not produce significantly more infants weighing less than 2,500 grams 
(patients, 11 per cent; controls, 8 per cent). Negro birth weights averaged 400 
grams lighter than those for whites, but the difference of 150 grams between off- 


spring of patients and controls remained. 


*Any presentation other than an uncomplicated vertex. 
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TABLE VIII. BirtH WEIGHTS OF LIVEBORN INFANTS TO STUDY SUBJECTS 


BIRTH WEIGHT (GRAMS) 


CATEGORY 
STANDARD 


RANGE MEAN* DEVIATION 


Psychotic patients (111) 24-4, 7. 3,139 600 
Control subjects (244) 5,07. 3,293 583 


*Observed difference between means = 2.4 times its standard error. 
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Fig. 3.—Average birth weights of live infants born to patients with postpartum psychosis and 
to control subjects by parity bracket. 


In earlier deliveries unassociated with psychoses, multiparous patients had 
given birth to infants equal in weight to the infants of control subjects. 

At the time of discharge from the hospital, equal proportions of patients and 
controls were feeding their infants by breast, bottle, or a combination. 


TABLE IX. ILLEGITIMATE BIRTHS TO STUDY SUBJECTS 
PSYCHOTIC PATIENTS CONTROL SUBJECTS 


RATIO RATIO 
White /9: 3/192 
Negro if 17/60 


No differences existed in the proportions of patients and controls who gave 
birth to illegitimate children, although illegitimacy was 14 times as frequent 
among Negroes as among whites (Table IX). 

Recurrence.—Data are available for 41 women who became pregnant subse- 


quent to a postpartum psychosis. Twenty-one had recurrence of their mental 
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illness, with symptoms apparently similar to those of their prior attack. Twenty- 
six recurrent episodes occurred in 74 subsequent pregnancies that reached 20 or 
more weeks of gestation, a rate of 35 per 100 such pregnancies (Table X). Recur- 
rence rates did not differ by race or parity. Although the numbers were small, 
the data suggested that women younger than 25 years of age at the time of their 
first mental disturbance were less apt to have a recurrence with later pregnancies 
than older women. The rate of recurrence did not increase with the number of 
subsequent pregnancies, but this number may have been influenced by the initial 


psychotic episode. 


TABLE X. RECURRENCE OF POSTPARTUM PSYCHOSES 


RECURRENT 
POSTPARTUM PSYCHOSES 
PARITY AT FIRST NO. OF WOMEN NO. OF SUBSEQUENT | _-_—sssSsSSS ie er nes 
PSYCHOSIS WITH SUBSEQUENT PREGNANCIES 
PREGNANCIES RATE/ 100 
PREGNANCIES 


Para 1 : 31 
41 
Para iv+ 


Total 


Detailed data on complications of the prenatal and perinatal periods are 
sparse for subsequent pregnancies. The birth weights of live infants associated 
with first and subsequent psychotic attacks were similar (averages of 3,268, and 
3,207 grams). The liveborn infants of these same women when no psychosis 
developed averaged 143 grams more (3,382 grams). Although not significant, 
this difference parallels in direction that in which liveborn infants of control 
subjects weighed more than those of psychotic patients. 

Specificity vs. Generality—The categories of prepartum psychoses and of 
reactivated postpartum psychoses involved groups too small to offer profitable 
analysis. Therefore, to test the specificity of findings associated with first attacks 


of postpartum psychoses, additional control groups were studied. One group in- 
cluded mothers developing late postpartum uterine hemorrhage, and the other 
consisted of mothers whose infants developed hypertrophic pyloric stenosis. 
Each group was compared independently with the postpartum psychotic pa- 


tients, and adjustments were made for age, race, and parity. 

Of 87 women discharged from the hospital following parturition and re- 
admitted because of hemorrhage, fewer had experienced the complications as- 
sociated with postpartum psychoses than did the psychotic group.* 

Hemorrhage and psychosis groups showed complete parallelism in their 
frequency distributions for length of gestation. Infant weights of the 2 groups 


*Patients with late postpartum hemorrhage had experienced significantly more uterine bleeding 
during pregnancy, as might occur with low implantation or premature separation of the placenta. The 
obstetrician is thus offered a basis for special watchfulness after delivery of patients with a history of 
such prior bleeding. 
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also were similar. Thus, like psychotic patients, patients with hemorrhage had 
shorter gestational periods and lighter infants than average mothers. These 
common factors may be of importance in the etiology of both late postpartum 
uterine hemorrhage and postpartum psychoses. 

A total of 76 mothers whose infants developed pyloric stenosis were studied. 
They also experienced fewer complications than shown to be associated with 
postpartum psychoses. 

Gestational periods averaged 40 weeks, and infants with pyloric stenosis 
weighed more at birth than infants born to psychotic patients, as did newborn 
offspring of the original control group. 

The mothers of the pyloric stenosis group included more primiparas than the 
other groups of control subjects or patients with postpartum psychosis and pro- 
duced a larger proportion of male infants, but the excess of males did not affect 
weight comparisons. 

The review of the two additional control groups was sufficient to show that 
the patients with postpartum psychosis were not the only ones who displayed 
many of the characteristic somatic phenomena which appear to differentiate 
them from normal mothers. Hence, postpartum psychoses may be linked in 
etiology with other postpartum abnormalities. 


DISCUSSION 


When we consider the task of putting together the picture puzzle of the post- 
partum psychoses, we find that many of the bits of information are cranky in 


shape and undecided in pattern or hue. The records available are crude, in- 
adequate for quantifying frequencies, but useful for locating leads. They reveal 
only relative magnitudes in certain areas of the puzzle. 

On the other hand, the data are unprejudiced, as they come from docu- 
mentation recorded in advance of the onset of postpartum psychosis. The results 
cited are positive findings of somatic differences. Age and pregnancy interval 
vary in the same direction. Increases in dystocia link with fetal and neonatal 
deaths. Shorter gestation is associated with lighter birth weight. Recurring preg- 
nancies with psychosis reiterate the pattern. 

These merging realities seem to picture something other than merely a 
psychic hypothesis. Control and psychotic groups did not differ significantly in 
data that might seem to furnish clues to psychic stress—illegitimacy, late marri- 
age, large number of children. Others more vague were not explored, such as 
insecurity, immaturity, anxiety, or marital discord. 

Rather, the data suggest an etiology that is active during pregnancy but 
exerts its full effect only after loss of a hormone-producing organ, the placenta. 
Whatever the etiological agents, their influence is seen first in subtle abnormali- 
ties of pregnancy and parturition. Then the climax of derangement bursts on 
the psyche in a weird accompaniment of genital involution. 

Purely as a matter of speculation, we would postulate a basic etiology of 
some physical influence, 1.e., a metabolic upset from hormonal imbalance, an 
infection, or even a gross nutritional deficiency. At best, we have made little 
progress toward fitting the picture puzzle together, but we have sorted out some 
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areas that invite further attention. Endocrine profile, dietary intake, metabolic 
relationships, and hereditary influences are some of the data not available in 
the present study. All the pieces of the puzzle are not yet at hand. Some of those 
considered, such as sociocultural variables, may have been masked or equalized 
by the method of choosing controls. 

The relatively low incidence of first attacks, with the high frequency of 
recurrences at subsequent childbirth, points to the value of follow-up studies of 
new patients with postpartum psychoses through their later pregnancies and 
puerperal periods. In conjunction with these investigations, adequate control 
groups must be evaluated along parallel lines. 


SUMMARY 


A search was made for prenatal and perinatal factors associated with 
psychoses developing in women within 6 months after childbirth. A total of 
126 patients whose first mental derangement was a postpartum psychosis were 
identified from Cincinnati, Ohio, hospital service area records of 1950 through 
1958. No differences among clinical types were found related to the factors studied. 
Onset in 85 per cent of patients occurred during the puerperium in direct temporal 
relation to genital involution. 

The incidence rate of first attacks in 1957 through 1958 was 0.7 per 1,000 live 
births. When recurrences in women with prior postpartum episodes or reactivated 
psychoses unassociated with previous pregnancies were included, attack rates 
were 1.1 per 1,000 live births. Rates increased with age and were higher among 
Negroes than among whites. 

Pertinent somatic information for each psychotic patient was compiled from 
hospital obstetric records documented before overt mental aberrations had de- 
veloped. For control purposes similar data were obtained for the immediately 
preceding and following mothers of the same race delivered in the same obstetric 
unit. 

Psychotic patients were found to be older than control subjects at each 
parity; however, multiparous women were of comparable age at their first preg- 
nancy. 

In mean parity the white patients and controls were similar. Negro patients 
had produced fewer viable children (and more patients were primiparas) than 
their controls. Proportionately more psychotic patients than control subjects 
among multiparas of each race showed intervals of 5 or more years between their 
most recent and their immediately preceding pregnancies. 

Psychotic patients had shorter gestational periods than control subjects. 
Infants born alive to patients weighed less than those to controls. 

Larger proportions of psychotic patients than control subjects complained 
of headache and manifested hypertension during pregnancy or parturition. Also, 
larger proportions of psychotic patients complained of respiratory illness and 


experienced dystocia. Presumably as a consequence of less favorable gestational 
environment, the perinatal mortality rate was higher among infants of psychotic 


patients. 
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No proportional differences existed between patients and controls as to age 


at marriage or legitimacy of infants. 

Twenty-one patients experienced 26 recurrent episodes of psychosis in 74 
subsequent pregnancies that reached 20 or more weeks of gestation, a recurrence 
rate of 35 per 100 such pregnancies. 

The results cited are positive findings of somatic differences. It is speculated 
that postpartum psychoses are primarily of somatic rather than psychic origin. 
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BNORMAL behavior characterized by hyperactivity, aggressiveness, de- 
structiveness, and self-abusive activity is frequently encountered in re- 
tarded children, particularly in the severely retarded. Behavior disorders may 
be so extreme that parents are unable to manage these children at home and 


institutional placement is requested. 

New drugs are constantly being sought which will favorably modify these 
behavior disorders without producing sedation. As new psychopharmacologic 
agents are released, initial reports are enthusiastic. However, after greater ex- 
perience with the drugs is acquired, the subsequent reporis do not reflect this 
enthusiasm. Analysis of the reason for this makes it apparent that little effort 
is made to control variables, to reduce bias through double-blind techniques, 
or to employ statistical methods in the selection of samples or in the evaluation 
of differences. Craft!? has reviewed the use of tranquilizers in mental deficiency. 

Many difficulties are encountered in evaluating the effects of psychotropic 
drugs. For example, most of the tranquilizers have a sedative effect if given in 
sufficient dosage and it may be difficult to distinguish between specific psycho- 
tropic action and sedation.*? Although in theory a tranquilizer is a drug that 
relieves anxiety, agitation, or emotional turmoil without producing sedation 
or impairing the thinking process,‘ it is apparent that more acceptable behavior 
may result from therapy because the child becomes stuporous from large amounts 
of medication. When medicine is used as a chemical restraint it may relieve some 
disturbing symptoms but may not make the child more amenable to educational 
programming, which is one of the prime goals of therapy. The double-blind 
technique is of great value but does not insure accurate drug appraisal. Occasion- 
ally on the basis of side effects and other clues it is possible for the investigator 
to predict whether drug or placebo is being administered. The magnitude of the 
placebo effect also depends in part on the enthusiasm of the physicians and nurses 
administering the medication.® Therefore, the use of the double-blind technique 
does not always eliminate bias but does exert a strong control in assessing the 
value of a drug. 

During the past two years, a number of tranquilizing agents have been 
evaluated at Rainier School. This report summarizes some of the findings of 
these studies although space does not permit a detailed description of each study. 
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With each new investigation an attempt was made to eliminate some of the dif- 
ficulties and variables of earlier evaluations. Nevertheless, it is apparent that 
there are no ideal means of evaluating the effects of drugs on behavior in re- 
tarded children. 

This report is a summary of the results obtained with fluphenazine, a com- 
bination of meprobamate and promazine, deanol, mephenoxalone, and _ chlor- 
diazepoxide. 

Fluphenazine (Prolixin).—In 1959, fluphenazine, a phenothiazine derivative, 
was evaluated at Rainier School. (A detailed description of this study was pub- 
lished elsewhere.’) Several investigators have reported fluphenazine to be ef- 
fective in the treatment of various psychiatric disorders*®:’ but there are no reports 
describing the use of this drug in mental deficiency. 

A total of 48 children, ranging in age from 5 to 16 years, were selected for 
study. These were primarily severely retarded children who exhibited abnormal 
behavior characterized by hyperactivity, aggressiveness, destructiveness, and 
self-abusive activity. In 42 of the 48 children organic brain damage was the cause 
of mental deficiency. Patients were divided into two groups, one receiving flu- 
phenazine and the other, placebo by the double-blind method of administration. 
The two groups were comparable as to age, sex, and intellectual ability.” 

During the study period, which lasted three months, each child was under 
24-hour observation by attendants who recorded their observations. In addition, 
the pediatricians, the attending nurse, and other attendants periodically evalu- 
ated behavior. 

After an initial 2-week observation, medication was begun in a dosage of 
0.5 mg. daily and increased as the patient’s clinical response or side effects dic- 
tated. Table I summarizes the response to therapy. The apparent minimal ef- 
fective dose of fluphenazine was 0.5 mg. and the maximum dose used was 7.5 mg. 
(0.01 to 0.15 mg. per pound of body weight). A daily dosage of 5.0 to 7.5 mg., 
which was effective in certain patients, did not produce disturbing side effects. 


TABLE I. SUMMARY OF BEHAVIORAL RESPONSE’ 


BEHAVIORAL RESPONSE FLUPHENAZINE PLACEBO 


Markedly improved 
Improved 

No change 

Worse 


Total 


Side effects were few and mild. Of the 24 children treated with fluphenazine, 
one had minimal hypotension, another showed signs of Parkinsonism, a third 
exhibited excessive drowsiness, and a fourth, excessive salivation. These reactions 
were controlled by reduction of dosage; in no case was it necessary to withdraw 
the drug. Blood and liver function studies remained normal and there was no 


evidence of leukopenia. 
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Although improvement was observed in only 10 of the 24 patients, it was 
most evident in the severely retarded children who are usually most difficult to 
manage. It is possible that with larger amounts of fluphenazine more children 
would have improved. 

The sample size is admittedly small; however, the trends observed merit 
further investigation with a larger sample. 

Meprobamate-Promazine Combination (Prozine). 
clinical trial of meprobamate in low-grade defectives, found no significant im- 
provement with this medication. On the other hand, Katz! administered mepro- 
bamate to children with cerebral palsy and found that the drug produced muscle 
relaxation and improved behavior. In addition there was improvement in sleep 


Craft,!’ in a double-blind 


patterns, attention span, and learning ability. 

In the summer of 1959 a study was carried out at Rainier School to evaluate 
the effects of meprobamate and promazine in combination on spasticity, ab- 
normal behavior, and intelligence. Fifty-four retarded patients were selected on 
the basis of abnormal behavior. All of the patients had cerebral palsy of the spastic 
type. Twenty-seven patients received meprobamate and promazine and 27 were 
given placebo, with the double-blind technique. A 2-week initial observation 
period served as a basis for comparison with the therapy period, which lasted 
8 weeks. The technique for measuring behavior was the same as in the fluphen- 
azine study. Medication was started in a dosage of 1 capsule 4 times daily and 
was gradually increased until the desired clinical response was obtained or until 
side effects appeared (one capsule of Prozine equals 200 mg. of meprobamate 
and 25 mg. of promazine). Several patients received as many as 4 capsules 4 
times daily; however, the majority were given 2 capsules 4 times daily. 

Table II compares the etiology of mental retardation, intelligence quotient, 
and chronologic age of the patients in both groups. This sample includes fewer 
severely retarded children than in the fluphenazine study. 

Table III summarizes the behavioral response to medication and placebo. 
Eleven patients who received meprobamate and promazine showed some im- 
provement as compared to 4 in the placebo group; however, the difference is not 
significant at the 5 per cent level. A psychologist could not demonstrate sig- 
nificant differences in the two groups in regard to improvement in speed or ac- 
complishment on simpler motor tasks. The drugs had no significant effect on 
intelligence or muscle spasticity. 

Table IV lists the side effects. It can be seen that adverse reactions were 


frequently encountered in the treatment group. It is of interest that many of the 


children who improved on medication were drowsy. It was not necessary to dis- 
continue medication, as side effects could be controlled by the reduction of dos- 
age. There were no blood or liver function changes. No correlation was noted 
between the type of brain damage and improvement in the meprobamate- 
promazine group, nor were there differences in response to treatment, as de- 
termined by degree of mental retardation. 

In summary, there was no significant improvement in muscle spasticity, 
intelligence, or motor ability in children who received meprobamate and pro- 
mazine during the study. Some improvement in behavior was noted in children 
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TABLE II. THE PATIENTS IN MEPROBAMATE-PROMAZINE STUDY 


MEPROBAMATE-PROMAZINE PLACEBO 
GRouP (N = 27) GRouP (N = 27) 


Cause of Mental Retardation. 
Cerebral birth trauma 
Postnatal cerebral infection 
Congenital cerebral maldevelopment 
Convulsive disorder 
Other postnatal causes 
Unknown 
Organic cerebral damage of unknown cause 


Se woe ATO 


n 


Intelligence Quotient. 
0-20 
21-39 
40-60 


Age in Years.— 
5-10 
11-15 
16-20 


TABLE III. SUMMARY OF BEHAVIORAL RESPONSE 


BEHAVIORAL RESPONSE MEPROBAMATE-PROMAZINE .ACEBO 


Markedly improved 
Improved 

No change 

Worse 


Total 


TABLE IV. SIDE EFFECTS IN MEPROBAMATE-PROMAZINE STUDY 
MEPROBAMATE-PROMAZINE PLACEBO 


Drowsiness 

Excessive salivation 
Vomiting 

Conjunctival hemorrhages 
Anorexia 

Parkinsonism 


mR bo bo OO 


bo 
co 


Total 
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given medication. There is evidence that improvement was probably related to 
drowsiness. Therefore, it is likely that many patients who displayed more ac- 
ceptable behavior while receiving meprobamate and promazine were actually 
lethargic because of the sedative effects of the drugs. 

Deanol (Deaner).—Deanol is a drug which has been described as capable of 
accelerating mental processes and improving concentration span. Oettinger” 
administered deanol to 108 nonepileptic and 17 epileptic children, all of whom 
had disorders of behavior. In 68 per cent of the nonepileptic patients this drug 
proved beneficial in that the children came to act in more socially accepted pat- 
terns and that their learning in school improved. No toxicity or significant side 
effects were seen with a dosage of up to 200 mg. daily. Also described were im- 
provement in intelligence quotient, decrease in hyperactivity, increase in attention 
span, and lessening of irritability. 

Palmer and Wright" treated 8 mentally retarded children with deanol and 
noted improvement in attention span, decreased restlessness, and increased 
ability to read, write, and perform tasks requiring coordination. Murphree and 
co-workers carried out a double-blind study in normal, young adult males. 
Ten to 30 mg. of deanol produced statistically significant subjective changes in 
improved mental concentration and increased muscle tone. Deanol also pro- 
duced nonspecific alterations such as sounder sleep, the need for less sleep, and 
clear-minded awakening. There were no undesirable side effects or laboratory 
abnormalities noted. 

Deanol, 2-dimethylaminoethanol, is a metabolic precursor of choline and 
possibly a precursor of cerebral acetylcholine.'* A number of studies have shown 
deanol to have a stimulant effect on the nervous system of patients with a variety 
of disorders.!*:!°:16 

Late in 1959, 50 patients with mental retardation and behavior problems 
were selected; one group of 25 received deanol and the other 25 placebo. After 
an observation period of 25 days deanol was administered in dosage of 75 mg. 
daily with a double-blind technique of administration. Fifty-five days later the 
dosage was increased to 150 mg. and maintained at that level for 37 days. Medi- 
cation was then discontinued and behavior recorded for an additional 16 days. 

Three methods were employed to evaluate the effect of deanol. (1) A nar- 
rative report and (2) a check list were obtained daily from hall attendants and 
(3) reaction time of each patient was measured in the psychology laboratory. 
Table V compares etiology, intelligence quotient, and age in both groups. It is 
apparent that the two groups were similar in these categories. 

For each 8-hour period the recorded behavior was graded on a scale ranging 
from 1 to 4. A grade of 1 represented a mildly disturbed child while a grade of 4 


represented a severely disturbed child. The results were tabulated for the entire 
133 days of the study and an average daily value was obtained. The grades for 
the first 25 days of observation were compared with grades obtained from the 
two treatment periods and the terminal observation period to determine if im- 
provement or change had occurred. On the basis of these grades patients were 


categorized as markedly improved, improved, no change, or worse. Table VI 
shows that there was no appreciable difference in response to deanol and placebo 
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TABLE V. PATIENTS IN DEANOL STUDY 


DEANOL PLACEBO 
GRouP (N ‘ GRouP (N = 25) 


Cause of Mental Retardation.— 
Familial-cultural defectives 
Phenylketonuria 
Birth trauma 
Postnatal brain damage 
Unknown 

Intelligence Quotient.— 

0-25 
26-50 
51-75 
76 and over 
Age in Years. 
5-9 
10-14 
15-19 
20-24 
25-29 


TABLE VI. SUMMARY OF BEHAVIORAL RESPONSE 
DEANOL 


Markedly improved 
Improved 

No change 

Worse 


Total 


and, therefore, that deanol had no demonstrable effect on undesirable behavior 
in retarded children. This conclusion was substantiated by an analysis of a check 
list rating scale used by the psychology department at Rainier School. 

One hundred simple reaction time trials were given to 32 of the patients who 


were able to cooperate during the observation period and again after deanol had 
been given for many weeks.’ On 9 of the trials a new distracting stimulus was 
introduced. From these studies there was no evidence that deanol improved 


attention either on the basis of over-all reaction time or susceptibility to dis- 
traction. 

No side effects were seen in patients who were given deanol. 

Mephenoxalone (Trepidone).—Mephenoxalone is a new tranquilizing agent 
with muscle relaxant properties which is said to provide pronounced calming 
effects without causing serious side effects. Preliminary investigations in some 
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1,000 patients indicated that mephenoxalone exerted little or no anesthetic or 
hypnotic action. It is said to calm the anxious and tense patient, and, because 
of the absence of significant drowsiness, to allow the patient to maintain his usual 
activity, thereby preparing him for more lasting psychotherapeutic measures. 
Mephenoxalone resembles meprobamate in action but appears to possess more 
of a mephenesin-like action. It has been reported to be well tolerated and appears 
nonhabituating. It has no peripheral neuromuscular blocking activity.'® 

During the summer of 1960, 26 patients at Rainier School were given meph- 
enoxalone. The youngest patient in the group was 8 years old and the oldest was 
54; the majority were children 12 to 16 years of age. Of the 26 patients, 15 had 
cerebral palsy with spasticity. Twenty-four of the patients had behavior dis- 
orders, which consisted of hyperactivity, aggressiveness, and _ self-destructive 
tendencies. Most of the patients were in the severely to moderately retarded 
categories. 

Initially all patients were given 200 mg. of mephenoxalone every 12 hours. 
The dosage was gradually increased to a maximum of 400 mg. every 8 hours. A 
pediatrician examined each patient every third day to observe any change in 
spasticity. He also conferred with attendants who cared for the patients to de- 
termine if any changes in behavior occurred. No side effects were seen in any of 
the 26 patients and blood studies were normal during the study period of 23 days. 

Of the 24 patients with behavior problems, 21 showed no improvement and 
remained essentially the same as before medication. Three children actually 
became worse when mephenoxalone was administered. Of the 15 patients with 
muscle spasticity due to brain damage, 2 showed an excellent response; that is, 
there was a marked reduction of spasticity and these children were able to straight- 
en extremities that previously had been extremely tight. Three additional pa- 
tients showed a fair response to mephenoxalone as a muscle relaxant. 

Although mephenoxalone is not an effective tranquilizer in the dosage em- 
ployed in this study, it may prove useful as a muscle relaxant. This investigation 
was a preliminary study; a double-blind approach was not used. 

Chlordiazepoxide (Librium).—Chlordiazepoxide is a newly synthesized com- 
pound which has been reported to possess tranquilizing, muscle relaxing, and 
anticonvulsant properties.!® Randall?® states that it calms laboratory animals 
without inducing sedation or motor inhibition. There are no autonomic or visceral 
actions, nor does the drug have much effect on conditioned reflexes. It is not a 
monamine oxidase inhibitor nor is it involved in the metabolism of serotonin or 
norepinephrine.” 

The drug reduces anxiety and agitation but does not cloud consciousness 
or impair intellectual function. Site and mode of action have not been delineated.!® 
KKaim” has reported that chlordiazepoxide demonstrates both tranquilizing and 
anticonvulsant properties. He found that the frequency of seizures was reduced 
and that in some instances the electroencephalogram was normalized. The onset 
of action of chlordiazepoxide is said to be prompt, usually within one day. The 
only common side effects are drowsiness and ataxia.'? A review of published re- 
ports reveals that most of the studies were uncontrolled preliminary observations. 

At Rainier School 28 patients with behavior disorders were included in a 


Eo ong USE OF TRANQUILIZING DRUGS IN RETARDED CHILDREN 181 
double-blind study to evaluate chlordiazepoxide. The majority were severely 
to moderately retarded. Most of the children were between the ages of 10 and 
15 years and only one patient was over 16 years of age. The patients were divided 
into two groups (group A and group B) and were observed for a 2-week period. 
Chlordiazepoxide was then administered to group A; group B received placebo. 
Children who weighed less than 50 pounds were given 10 mg. of chlordiazepoxide 
3 times daily. Those over 50 pounds received 25 mg. 3 times daily. This trial 
period lasted 6 weeks, after which time all medication was discontinued for a 
2-week observation period. Following the observation period the medication for 
the two groups was reversed. This phase of the study lasted approximately 7 
weeks. A final observation period without medication was included. 

Fifteen of the 28 patients had seizure disorders and there was no appreciable 
change in frequency or severity of seizure during any of the observation or trial 
phases of the study, although the short trial period on chlordiazepoxide may not 
have been of sufficient length to measure adequately the effect of this medication 
as an anticonvulsant. Electroencephalograms were obtained for all 28 patients 
prior to the administration of chlordiazepoxide and were repeated for the 15 
seizure patients while they were on the drug. There was no evidence that the 
records were consistently modified in any manner. 

During the study 5 patients became drowsy on chlordiazepoxide and 2 
became ataxic. Side effects were reduced by decreasing medication from 25 mg. 
3 times daily to 10 mg. 3 times daily. No side effects were described for patients 
receiving placebo. Blood and urine studies on four occasions disclosed no ab- 
normalities attributable to chlordiazepoxide. Four children had slightly ele- 
vated serum glutamicoxalacetic transaminase levels while receiving medication. 
Cephalin flocculation determinations on five different occasions during various 
phases of the study revealed abnormal values in 19 of 28 subjects. A group of 
controls who did not receive medication also had abnormal values with equal 
frequency; therefore, there is no definite evidence that hepatic toxicity can be 
attributed to chlordiazepoxide. Further studies in this regard are indicated. 

Fleming and Orlando at Rainier School assessed behavior by means of the 
check list as well as by structured observation of 24 of the 28 children. The tech- 
niques will not be described in detail as they will be the subject of a subsequent 
paper.”’ Check lists were completed by selected hall attendants. The frequency 
of occurrence of each behavior item was weighted on the basis of two sets of scale 
values; the scale value for a particular item reflected the degree of abnormality 
or the degree of unmanageability represented by that particular behavior. Ab- 


normality and unmanageability scale values were employed for 37 items. 


The observation schedule concentrated on the constructiveness and de- 
structiveness of play behavior, hyperactivity, and responsiveness to another 
person. The patients were observed for 15 minutes in a room arrayed with dolls, 
toys, and other objects expected to elicit or allow for behavior of this type. Struc- 
tured observation was accomplished during the last 10 days of the first and again 
during the last 10 days of the second drug-placebo period. Several psychologists 
who served as observers rated all sessions for all patients in order that the re- 
liability of observation could be assessed. 
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With respect to daily behavior in the halls, chlordiazepoxide increased 
undesirable behavior although not to a statistically significant degree. With re- 
spect to the structured observation schedule, the results indicated that when 
patients received chlordiazepoxide they engaged in less constructive activity 
with toys, tended to go from toy to toy rather than play consistently with one, 
and became more hyperactive. 

In summary, the results of the analysis of behavior in the halls and the 
structured observation schedule were consistent in showing chlordiazepoxide 
to produce an increase in negative, undesirable behavior of the type intended 
to be diminished by the drug, although results were not statistically significant 


at the 5 per cent level.” 


DISCUSSION 


The results of these studies are not as encouraging as others that have ap- 
peared in the literature. It is apparent that retarded children with behavior 
disorders do not always respond favorably to psychotherapeutic drugs. In fact, 
with only one of the five medications appraised was there evidence that treat- 
ment with tranquilizers was of value. On fluphenazine, 10 of 24 children improved 
as compared to 5 of 24 who received placebo. Since some disturbed, mentally 
defective children will respond to drugs it is suggested that they be given a trial 
on medication. Phenothiazine derivatives appear to be the most effective, par- 
ticularly in severely to moderately retarded individuals who are difficult to 
manage because of hyperactive and destructive behavior. One must be prepared 
to encounter many failures; yet the excellent results that occasionally are seen 
probably warrant a trial of therapy. 

In the double-blind studies a careful attempt was made to select comparable 
groups. Also, detailed behavior reports were recorded for each child. In the deanol 
study three different techniques were applied in the evaluation; a lack of response 
was noted by each method. 

One might be very critical of the reliability of data collected by untrained 
attendants. Also, the point might be raised that medication was not given for a 
sufficient length of time in some of the studies. For example, mephenoxalone 
was given for 3 weeks, chlordiazepoxide for 6 weeks, and a meprobamate-proma- 
zine combination for 8 weeks. However, the appearance of toxic reactions to 
chlordiazepoxide and meprobamate-promazine combination and the relief of 
spasticity in 5 of 15 patients on mephenoxalone suggest that therapeutic levels 
were reached. 

Many investigators feel that individual variations of drug dosage are neces- 
sary to obtain the best results. With fluphenazine and meprobamate-promazine, 
individual dosages were employed; however, in the chlordiazepoxide, deanol, 


and mephenoxalone investigations there were very limited manipulations of 


drug dosages. 

Despite the many difficulties involved in assessing changes in behavior it is 
apparent that more carefully controlled studies are indicated in the evaluation 
of treatment of mentally retarded children. 
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SUMMARY 


During the past two years, a number of psychotropic agents have been evalu- 
ated. This report summarizes our experience with fluphenazine, meprobamate- 
promazine combination, deanol, mephnoxalone, and chlordiazepoxide. With 
the exception of mephnoxalone, a double-blind method was employed in the 
evaluation of each drug. 

It was found that deanol, chlordiazepoxide, and mephnoxalone were not 
effective in favorably modifying behavior in retarded children. There was sug- 
gestive evidence that a combination of meprobamate and promazine modified 
behavior so that the child could be more easily managed in the institutional 
setting. It was felt, however, that hyperactivity, aggressiveness, and destructive 
behavior were decreased because of the side effects of lethargy and drowsiness 
caused in the patient. There was suggestive evidence that fluphenazine resulted 
in improved behavior without producing signs of toxicity. 


We wish to thank the following Rainier School staff members for their contributions: Dr. 
Wesley D. White, Mr. Frank E. Junkin, Mr. Earl West, Dr. Jack Fleming, Dr. Robert Orlando, 
Dr. Felix de la Cruz, Dr. Andrew Vermes, Mr. David Jarvis and Mr. Robert Lawrence-Berrey. 
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Announcement 


THE FourTH INTERNATIONAL CONGRESS OF ALLERGOLOGY will be held at the Hotel Com- 
modore, New York City, Oct. 15 to 20, 1961. It is anticipated that this will be a large and interest- 
ing meeting for all of those concerned with allergic diseases and related fields of immunology. At the 
main meetings, there will be simultaneous interpretation of all papers in English, French, German, 
and Spanish. Prominent physicians and scientists from all parts of the world have been invited to 


take part in conferences, symposia, and panel discussions. Among the subjects to be presented 


are: 
Genetics in Allergy; Acquired Tolerance; Transplantation Immunity; Drug Hypersensi- 


tivity; Contact Allergy; General Mechanisms in Allergy; Mechanisms of Antibody Fixa- 

tion; Delayed Hypersensitivity; Autoimmune Processes; Steroid Therapy; New Methods 

in Allergy, ete. 

All physicians registering are invited to present communications which will be grouped in 
various sections according to subject matter. 

The registration fee for regular members will be $45; for wives, $20. Additional information 
may be obtained from Dr. William B. Sherman, 60 East 58th Street, New York 22, N. Y. 


